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HYSTERESIS IN SORPTION XVII. HARDENING OF SERICIN AND ITS 
INFLUENCE ON SORPTION-DESORPTION HYSTERESIS.* 

By K. SuBBA RaOjI M. Bhimasbna Rao, % A. R. Vasudevamurthy § and 
B. Sanjiva Rao, || Department of Chemistry^ Central College, 

Bangalore, 8, India, 

(Received February 24; 7'ead March 4, 1949.) 

Introduction. 

The behaviour of cerf^als (Rao, K. S., 1939), gum arabic (Rao, K. S., 1940) and 
proteins (Rao, G. N., Rao, K. S. and Rao, B. S., 1947) in the sorption of water has 
been indicated. The liysteresis effect initially exhibited disappears after a certain 
number of cycles of sorption and desorption. This disappearance of the hysteresis 
effect is due to the swelling of the organo gels in water and the consequent loss of 
the entrapping effect. 

Proteins can be hardened (Masami Oku and Jiro Hirose, 1938) by the various 
hardening reagents. The effect of hardening of sericin on the sorption-desorption 
hysteresis has been presented in this paper. 

Experimental. 

Extraction of sericin, 

Sericin was extracted by heating raw silk in water at 120"^ C. in an autoclave, 
Sericin was precipitated from the colloidal solution by freezing and subsequent 
thawing. The precipitated sericin was separated and dried in air at room tempera- 
ture for 48 hours. 

Hardening of sericin. 

Formaldehyde hardening . — Five grams of air dried sericin powder was put into 
100 c.c. of 0’5% formaldehyde. The solution was acidified with hydrochloric acid 
to give a final concentration of 2%. The mixture was kept for 24 hours. The 
sericin was separated and dried, 

Chro7ne hardening . — Basic chromium sulphate was prepared by mixing 50 c.c. 
of 01 molar chrome alum solution and 50 c.c. of O lN sodium hydroxide (Williamson, 
F. S., 1923). Five grams of sericin powder were kept in 100 c.c. of this basic chromium 
sulphate solution for 24 hours. After this treatment, sericin was separated, washed 
and dried in air at room temperature for 48 hours. 

Sorption-desorption hysteresis . 

The hardened as well as unhardoned samples of sericin were dehydrated in 
vacuum at 60° C. for 6 hours. The dehydrated sericin was next introduced into the 
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quartz fibre spring balance (Rao, K. S., 1941) and was subjected to successive 
sorption and desorption at SO"" C. The results are indicated in Figs. 1-3. About 
8-10 hours were allowed for the attainment of equilibrixim and each cycle took 
about 8 days. 



Fia. 

Sorption-desorption Hysteresis of water on soricin (Chrome hardened) at the 
2nd, 8th, 10th, 12th and 14th cycles. 


Discussion. 

Unhardened sericAn, 

Sericin like casein, egg albumen and gelatin (Rao, G. N., Rao, K. S. and Rao, 
B. S., 1947) exhibits the hysteresis effect in the initial stages, Fig. 1. The loop 
decreases in size on successive sorption and desorption and finally disappears. 

The sorption and desorption processes were continued up to 1 1 th cycle. In the 
dehydrated condition, sericin has cavities of fairly rigid walls. The cavities entrap 
water and cause hysteresis. On exposure of sericin to water vapour, water is 
absorbed and later imbibcxl. Sericin swells like other organo gels on the imbibition 
of water. The cavity walls now become elastic and yield during desorption. The 
cavities disappear. The entrapping effect is thus lost and hysteresis disappears. 

Hardened sericin, 

Sericin hardened by formaldehyde or by basic chromium sulphate behaves 
differently. In a series of sorption and desorption operations, the hardened sericin 
exhibits the hysteresis effect and the effect persists in the subsequent cycles of sorption 
and desorption. The sorption and desorption processes were continued up to 
14th cycle, Figs. 2 and 3. , 

On hardening, sericin behaves more like a rigid gel. The swelling property is 
either lost or diminished. The rigidity of the cavity wall remaining practically 
unaltered on successive sorption and desorption, the cavities retain the entrapping 
effect and the hysteresis loop persists even after a number of cycles. 

The above results in conjunction with those on grains (Rao, K. S., 1939, Rao, 
K. S., 1941), plant exudate (Rao, K. S., 1940) and proteins (Rao, G. N., Rao, K. S. 
and Rao, B. S., 1947) already published bring out clearly the role of the swelling 
property of the absorbent in the disappearance of the sorption-desorption hysteresis. 
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Summary. 

Sericiri has been hai’dened by (1) formaldehyde and (2) basit^ ( hrorniiiin sulphate. 

On the hardened and unhardened samples of sericin, sorj)tion and desorption of water va})Our 
at 30 C. have been conducted. Sericin hardened by formaldehyde or basic chromium sulphate 
shows the liysteresis effect which persists in the subsequent cycles. Whereas, the unhardened 
sericin shows a hysteresis loop which decreases in size in the subsequent cycles of sorption and 
desorption and finally disappeai's. These results indicate that hardened sericin beliaves like a 
rigid gel, whereas unhardened sericin is an elastic gel like gelatin, casein, egg albumen and gum 
arabic . 
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CHANGES IN OF THE WHITE AND YOLK OF FERTILIZED HEN S EGG 
DURING INCUBATION IN AIR, CARBON DIOXIDE AND 
LIQUID PARAFFIN.* 

By K. SuBBA RAO,t M. A. WajidJ and B. Sanjiva Ra<),§ 

Department of Chemistry, Central College, Bangalore, S. India, 

{Received February 24; read March 4, 1949.) 

Introduction. 

The study of the variation in pJi is important in elucidating the mechanism 
of many natural biochemical processes. The pH of the constituents of hen’s egg 
incubated in air has been reported by earlier workers (Baird, J. C. and Prentice, 
d. H., 1930; Gaggermeier, G., 1931; Needham, J., 1942a; Romanoff, A. L., 1944; 
Rubinstein, M., 1932; Sharp, P. F., 1929; Sharp, P. F. and Powell, C. K., 1931). 

As means of preserving eggs from deterioration, dipping in oil or enclosing in 
an atmosphere of carbon dioxide immediately after the egg is laid has been 
suggested (Tauber, H., 1946). The change in pH of egg white and yolk during 
incubation in air, carbon dioxide and liquid paraffin has been studied and presented 
in this paper. 

Experimental. 

Fertilized eggs. 

Fertilized eggs (as detected by an examination of the blastoderm) were selected 
for the study. In eggs incubated in air, the development of the blastoderm was 
rapid whereas in those incubated in carbon dioxide and liquid paraffin, development 
was inhibited. 

Incubation of egg in air, carbon dioxide and liquid paraffin. 

The egg, soon after it was laid, was put into an incubator. For incubation in 
carbon dioxide, the air in the incubator was replaced by carbon dioxide at atmospheric 
pressure. For incubation in liquid paraffin, the egg was placed in liquid paraffin 
in a bottle kept in the incubator. The temperature of the incubator was throughout 
kept at 41 ° C. 

Glass electrode. 

Sharp, P. F. and Powell, C. K. (1931) used a hydrogen electrode for the 
measurement of pH. On account of the high viscosity of the w^tute and yolk, 
saturation with hydrogen was not possible. To overcome this difficulty the white 
and yolk were diluted. The error introduced by dilution was reported to be 
negligible. A glass electrode (Albert W. Davison, Henry S. van Klooster and 
Walter H. Bauer, 1941) was employed in the present work, as being most suitable 
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from the standpoint of rapidity of work, accuracy and reproducibility. The 
electrometer circuit of the electrode included a Compton quadrant electrometer and a 
Tinsley’s K-type vernier potentiometer. High tension was applied to the needle 
(Dole, M ., 1941), The unknown potential was applied to one pair of quadrants, the 
other pair being earthed. In tapping out a known potential, the potentiometer 
permitted of an accuracy of 0*01 millivolt. 

3Ieasurement of pH. 

At different stages of incubation, the eggs were removed, the white and the 
yolk were carefully separated by a hypodermic syringe and the pH was quickly 
determined. The attainment of equilibrium potential when the glass electrode 
was dipped in the test liquid was remarkably quick. Within two minutes steady 
values were obtained. The results are shown in Tables 1 , 2 and 3 and Fig. 1 . 
Acetate-hydrochloric acid (Britton, H. T. S., 1932a) and phosphate-borate (Britton, 
H. T. S., 19326) buflPers were employed as standards for purposes of comparison. 



Timi? In days. ► 

Fig. 1. 

pH of wliito (W) and yolk (Y) of fertilized hen’s egg incubated at 41“ C. in air, 
carbon dioxide and liquid paraffin. 

Table I. 

Variation in pH of wJdie and yolk of fertilized hen' 8 egg during incubation in air. 

Time of incubation. 



Fresh. 

1 day. 

2 days. 

3 days. 

‘ 6 days. 

1 . White . 

7-85 

9*27 

9-37 

9-05 

8-05 

2. Yolk 

6'17 

6-17 

6-^0 

6 35 

fh4.4 
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1 . 

2 , 


Table 2. 

Vo>riatio7i in pH of white and yolk of fertilized hen's egg during incubation in carbon dioxide. 

Time of incubation. 


Fresh . 




1 day. 

2 days. 

3 days. 

4 days. 

6 days. 

6 days. 

White . . 

7*66 

7*63 

7*63 

7*67 

7*67 

7*56 

7*54 

Yolk 

5*84 

5*85 

6-88 

6-9() 

5*99 

6*11 

6*19 


Table 3. 


Variation in pH of white and yolk of fertilized hen's egg during incubation in liquid parajfin. 

Time of incubation. 


Fresh. 


1. White 

2. Yolk 


1 day. 2 days. 3 days. 4 days. 5 days. 6 days, 7 days. 

7-68 7-61 7-00 7-55 7*55 7-52 7*r)(> 7-44 

5-85 5*84 5*79 5-70 5*74 5*82 5*91 5*93 


- Discussion. 

pH of ivhite and yolk of eyg incubaied in air. 

In fresh egg, the white has a jpH 7*86 and the yolk 6*17. On continued 
incubation, tlio jpH of white increases to a maximum of 9*6 up to 36 hours and 
decreases continuously thereafter. The pHL of yolk, however, is practically constant 
up to the second day and later increases slowly but continuously. The yolk 
remains in the acid range, tending to become less acidic while the white is in the 
alkaline range tending to become less alkaline. The characteristic feature of the 
pH-time curve of egg white is the hump. The significance of this hump and the 
nature of the continuous variation in pH with time, of egg white and yolk during 
incubation, arc of interest. 

These changes in pH of white and yolk are naturally connected with the 
metabolic processes occurring within the egg during incubation. 

The egg is a highly complex system and is known to consist of a variety of 
substances — carbohydrates, proteins, enzymes, minerals, vitamins and fats in 
different amounts. Scholl, H. (1893) showed that fresh egg white contained a 
considerable amount of carbon dioxide and that the major portion of it was present 
as bicarbonate. These bicarbonates are mainly of potassium and sodium (Healy, 
D. J. and Peter, A. M., 1925). Brooks, J. and Pace, J. (1938) report that there 
is little or no carbamino- carbon dioxide. 

Before the egg is laid, the constituents of the egg have a partial pressure of 
carbon dioxide corresponding to that of the body tissue of the hen (Aggazzotti, 
A., 1914). The partial pressure of carbon dioxide in the atmosphere being very 
much less, the egg white loses its carbon dioxide through the pores of the shell 
immediately after the egg is laid. This results in an initial increase in the pH. 
The loss of carbon dioxide is fairly rapid as indicated by the steepness of the curve. 
The portion of carbon dioxide that escapes, probably exists in the white in free 
condition, because no carbonic anhydrase activity has been noticed in the early 
stages of development of the Cliick embryo. In 36 hours, the pH reached a 
maximum of 9*6. By this time, the natural metabolic processes will have com- 
menced in the egg under aerobic conditions, at the temperature of incubation. 
The cells respire, oxygen is taken in and carbon dioxide is produced. The subsequent 
fall in pH is due to the accumulation of carbon dioxide in the white. 

In the early stages of development, the diet of the embryo is mostly carbo- 
hydrate and relatively small amoimt of protein. After about the fifth day, fat 
and protein enter the embryo in large amounts (Needham, J., 194215?). The 
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digestive work borne by the yolk in the early stages of development involves a 
powerful enzymic equipment. 

The respiratory quotient of the blastoderm of the hen’s egg is invariably in the 
neighbourhood of unity during the first week of development and this indicates 
that the component of the diet combusted is mostly carbohydrate. 

The small increase in pH of the yolk during incubation may be due to protein 
catabolism resulting in the production of ammonia (Needham, J., 1942r). 

p/Z of the white and yolk of egg incubated in carbon dioxide ayid liquid para ffin . 

The pH-time curve of white and yolk of eggs incubated in carbon dioxide and 
liquid paraffin are Yjractically coincident. The pH of white suffers a very small but 
continuous decrease. TIkj conditions are essejitially anaerobic. In the absence of 
oxygen, the metabolic processes of the hen’s egg are inhibited. A small increase 
in the size of the blastoderm indicates the existence of slight metabolic activity. 
The small increase in the acidity of the white is j)robably due to anaerobic glucolysis 
(Needham, J., J942r). 

As in air-incubation, the small increase in pH, after the third day, of the yolk 
of egg incubated in carbon dioxide or in liquid paraffin is due to protein catabolism. 

Carbon dioxide and liquid qmraffln preservatwes for egg. 

Carbon dioxide and liquid paraffin are good preservatives for eggs against 
tleterioration, because in eggs preserved in these substances, the white and yolk 
suffer no appreciable change in consistency and appearance and develop no odour. 
Though in large doses carbon dioxide has an inhibiting effect, it is of interest to 
note that in moderate doses the gas is found to have a stimulating effect on the 
growing embryo (Itomanoff, A. L. and Romanoff', A. J., 1933). 

The foregoing considerations reveal that the change in pH of the constituents 
of the egg is the resultant effect of various metabolic processes in the egg. 


Summary. 

By cMiiployijig a glass olecirodo, tlio variation in pH of the white and yolk of fertilized hen’s 
egg during inoubation in air, earbon dioxide and liquid paraffin has been studied. 

In eggs incubated ii> air, the white shows an initial rise in pH duo to the escape of carbon 
dioxide and a subsequent steady fall after 30 hours owing to carbohydrate catabolism. The 
yolk has a coirstaTit pH up to the second day and later, tliis gradually rises owing to protein 
catabolism. 

When inc ubated in carbon dioxide or in liquid paraffin, the white suffers a small but con- 
tinuous fall in pH, whereas the yolk shows a rise in pH. This is due to the inliibition of the 
normal metabolic processes in the egg. 
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ON REAL CONTINUOUS SOLUTIONS OP ALGEBRAIC UIPPERENCE 

EQUATIONS (II). 
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(Communicated by Prof. Ram Behari, P.N.I.) 

(Received April 21; read November 25, 1949.) 

1. Introduction. 

Let y{x) be a real continuous solution of an algebraic difference equation of 
the brst order 

(1) P{y{x+\), y(x), x) = 2^ ax°^ y(xfo = 0. 

I have shown that* lim inf log log | y(x) J /.r < oo. 

X -y<x> 

This relation is the best possible. If wc supj)ose that 

(2) y{x) is a monotone function of x for x > . 1 * 0 , 

then lim sup log log | y(x) J /x < 00 . 

a: -> oo 

In this paper I replace the condition (2) by a weaker condition. We shall suppose, 
in what follows, that y(x) is real and continuousf lor x > .tq. 

Theorem 1. // y(x), a solution of an algebraic difference equation P = 0 of the 

first order, be such that % 

(3) y(x+h) > y(x)le 2 (Bx), 0 < < \, x> Xq, 

where B is a positive constant, then 

y{x) < e^Ax) for all x > Xq{ A), 

whore A ( >B) is a constant depending on the given equation. 

Remark. Solutions satisfying condition (3) may exist. Consider, for instance, 
the equation § 

(4) (y(a;)— a^)(y(a;+l)—(a:+ ])*')= 0. 

This equation is satisfied by a continuous function y(x) detined as follows : 
y(x) = for 2n— 1 < a: < 2n, 

(2n+lfj-{2n)>' 

= (2n+l)H2 I (2w+l)"-^2K,+iJ ea | {x-2n-\), 

for < X < 27^+1. 

♦ See Rof. 2, pp. 548-9. There is a misprint in the last lino of p. 558. Road (29) instead 
of (30). 

t Xq is not necessarily the same at each occurrence, 
t e 2 {x) denotes exp (exp x). 

§ Ref. 2, p. 549. 


(x--2n), for 2n x < 27i+- 


1 

2 ’ 


= {2n)^ + 2 


HT 
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This function y{x) satisfies the condition 

y(x+h} > y{x)le^(x), 0 < ^ < I, a: > :ro. 

2. Equations with Polynomial Coefficients. 

Lot P^(x) and QXx) be polynomials in x of degree and q respectively. 
Tmeobem 2. Lei W{x) he any inx^recu^ing function such that 
lim W{x) = 00 , lim log W{x)llog x = 0 

x-^rc .r->oo 

and let y(x) he a solution of the equation 

(5) FJx)i/(x+m)+ +Po(a;)y(*) = Q(x). 

Let a = max { | po-jw, | , . . . . | , | q-p„ | } . 

If y{x) satisfies the condition 

(0) y{x-\-h) > y{x)l^(x), for 0 < < 1, .r > Xq, 

then y(x) < exji (Ax log x), for x > XQ{A)y 

cohere A is any constant greater than a. 

Coil. If y(x)y a non-decreasing function of x, he a solution of (5), thcM 
y{x) < exp (Ax log x), x > 
inhere A is any constant greater than a. 

Theorem 3. If y(x), a solution of the equation 

(7) Pi{x)y(x+l)+Pf^(x)y(x) = Q(x), 
satisfies either the condition (6) or the condition 

lim inf y(x)W(x) > 0, 

x-^oo 

fheri 

(8) y{x) < exp (Ax log x), for x > Xq(A), 

where A is aiiy constant greater than max { i > 1 | }. 

Cor. Any solution y(x) of (7) satisfies 

lim inf log | y{x) | jx log a; < 

x-^oo ' 

If in the equation (7), Q(x) = 0 and 

P(i(x)IPl{x) = —c TI (x—Xr) 17 {x — P,} 

1 ' 1 

then * 

h) f Pi 

y{x) = a>(x)(f n r(x— ar) n r(x^P^), 

1 1 

where a>(x) is any arbitrary periodic function. Since log Fix) ^ x log x, wo see that 
(8) gives a ‘ best possible ’ upper bound. 


♦ Ref. 1, p. 327. 
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3. Equations of ordek m. 

Theorem 4. Let 

( 9 ) P(y{x+m), y(x), x) « E ax^y(xf^ y{x+m/''' = 0 

be an algebraic difference equation of order m and let 

T' = a'x^ y{x)^ ® y(x-{-mf *" 

be the principal term and let the terms of the equation he so related that when 
then either 

P'fn-l > Pm-l or ^'i > == 1 , • • • ^- 2 ). 

If y(x) be a solution such that it satisfies the conditions (3) and 

( 10 ) log ?/(x)/log aj -> 00 as a; 00, 

then y(x) < e2(Ax)y for all x > Xq(A), 

where A{^ B) is a constant depending on the given equation. 

( 'OR. 1. If y{x), a solution of an algebraic difference equation of the second order, 
satisfies the conditions (3) and (10), then y(x) < e^(Ax),for ail x > .To(^)* 

Cor. 2. If y[x), a solution of an algebraic difference equation of the second order, 
satisfies the condition (3), then 

(11) y{x) < e^^Ax), for a sequence of values of x-y oo. 


4. Lemma 1. 

If /(^) continuous for x > xq and f(x) > exp (Ax log x), A > 0, for a sequence 
of values of x tending to infinity , then there exists a sequence of numbers tending to 
infinity such that 

fix’ll) > x^f(x) for x-Xi,X 2 , 

The proof is similar to that of Lemma 1 (Ref. 2, p. 550) and is omitted. 


5. Lemma 2. 


Let f(x) be continuous for x > Xq arid let 

(12) lim sup log log f(x)lx ^ A > 0 . 

A -> 00 

Let B be any positive constant less than A and suppose f(x) satisfies the condition 

(13) f(x+h) >f(x)le 2 (Bx), 0 <. h < 1, x > Xq, 

then there exists a sequence of numbers co such that 

(14) /(X) > e^{cx) ■ J(x-{-l) > {/(a:)}«P^ , 

where c is any positive constant such that B c a A, for a: = ^^ 2 , 

Proof. If /(x) > 62 ( 00 ;) for all large 0 ;, then the result follows from Lemma 1 
(Ref. 2, p. 550). Suppose therefore that f(x) < e^icx) for a sequence of values of 
o;“> 00 . Let F{x) ^ f(x)je 2 {ex) and X > .Xq be an arbitrary large number such that 
F(X) <i 1. Take T > X such that 

(i) log log f(Y) > i (A+c)¥, 


(ii) 





exp (BY) \ ^ 

exp ((^+c)y/2)/ 


> 0 . 
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This is possible since lim sup log log f(oc)lx > (^ -f c)/2. Hence J?’(r) > 1. Let Z 

X — > C30 

be the largest number such that X < Z a Y , and F(Z) = 1. Since F(x) is conti- 
nuous for a: > X, Z exists and F(x) >1 for Z < a; < y. Consider 

f{Z),f(Z+\), /(Z+m) 

where y < Z+m < y + l. Now 


log log/(Z + w) >log {log /(y)— exp (jBy)} 

- log log/in+iog (, j 

„ / 1 exp {BY) \ 

V exp ((g4+c)y/2)y- 


>dpY+lo> 


Also 


A-\-c ,, . A— c ,, . A—c 

1 =cy+--^— r >ciZ+m-l)+— Y 

= log log/(2)+c(m— 1)+"^^ Y ; 

and so from (ii) 

log log/(Z-f m)— log log /(Z) > cm,. 

Hence at least one of the values 

log log/{Z-f n)— log log/(Z+w— 1), r^= 1, 2, m, 

is greater than c. If 

log log/(Z-f X)~log log/(Z-f X — 1) > c 

then 

f(Z+N-l)>e^{c{Z+N-\)) 
f(Z+N)> {f(Z+N~^)V^^‘’ 

which proves the lemma. 


6. Lemma 3. 

If f{x) is continuous for x > Xq and satisfies conditions (12) and (13), iJfen there 
exists a sequence of numbers x„ -> oo such that 


(15.1) /(a:+l) >e2(Z>a:) 

(15.2) f(x+\) > 

(16.3) /(ir+2)> {/(x+l)}“P'®''** 

for X ^ Xi, X 2 j , T) being any constant such that B <Z D <C A. 


The proof depends on the relation (14) proved above and is similar to that of 
Lemma 3 (Ref. 2, pp. 051-2). 
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Remark, (i) If we assume that instead of condition (13) fix), in Lemma 2, 
satisfies 

(13') > f{x)le2(Ax), 0 <h < i, X > Xq, 

the conclusions (14), or (15), do not follow. Consider, for instance, /(rr) defined as 
follows. Let Xn = and 

fix) =1, for Xn^i-hi < a: < J, 

= l+4(e2(*„) — l)(a;— for a;,— J <a; <.r„, 

= l—4{e^{x„)—l)(x—x„ — i), for x„ <x < a;,+J. 

Here .4 = 1 and (13') is always satisfied. Further, (12) holds but there is no 
sequence X„ oo such that 

fix) > e 2 (Sx),/(a;+l) > 

where 8 is any positive number, for x = Xi, X^, 

(ii) Under the given hypotheses (12) and (13) it is not possible to obtain 
inequalities (14) satisfied for all x > %, or to obtain inequalities of the type (14), 
with c replaced by A, satisHed by a sequence of values of tending to infinity. 
We can easily construct a suitable function by taking points on the curves 
y =e2(4u^), y = e^iAx) je^iBx) and joining them by a straight line. 

7. Lemma 4. 

M ^ix) he an increasing continuums function for x > .Tq such that 
Jim Six) = 00 , lim ss c, C < c < oo. 

^_>ooirJoga: 

Let fix) be contimwus and 

fixA-h)>fix)l (f^ix), 0 < < 1, .r > Xq, 

and log fix) lx log .r > > c, for a sequence of values of x oo, then there exists a 

sequence x„-> oo such that 

fix) > exp iBx log X), fix A- 1) > x^^fix) 

where B is any positive constant less than A — c, for x :=z x^^ x 2 , 

Proof. Write B = A—d. Then d^ c. If fix) > exj) iBx log x) fot x > Xq, 
then the result folioAvs from Lemma 1. Suppose therefore that fix) < 
exp iBx log x) for a sequence of values of x -> 00 . Let Fix) =/(.r)/exp iBx log :r) 
and choose X > ;ro such that F(X) < 1. Take Y '> X sucli that 


(i) 

log^d’X^r log 7, 

(ii) 

7 log 7 ^ B 

(7 + 1) log (7+1) > / 

(iii) 

log/(7) > AY log 7. 


• The result now follows as in Lemma 2. 
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8. Proof of Theorem 1. 

Let T' denote the principal term and T any other term of P =ss 0. Dividing 
throughout by T' we have ratios of the type 


(16.1) 

^ j x^oy{xfi \P\-Pi 

1 y(;e+l) ) 

iS'i >^i, 




(16.2) 

^ 1 ) 

P'o > Poy 

(16.3) 

hx^—^ , 

a' > a. 


Let K be the max f /vj ( for all the ratios of type (16.1) and let ^=14- 
max(l, B, log K). If y{x) e^iAx) for a sequence of values of x-^cOy then by 
Lemma 2, we can find a sequence ->co such that 

y{x) > e^(cx), 1) > {y(x) 

where c = A -f“Hiax (1, P, log A') for x x„. Hence the ratios of the types (16.1), 
(10.2) and also (16.3) tend to zero as ir = x„ — > oo, and so we have a contradiction. 
Hence y{x) < e 2 (Ax) for x > .ro(^). 


9. Proof of Theorem 2. 

Let A = kA- a {k 0). From the given equation w e have 


1 + Pm-i{oc)y(x + m--\) ^ 


Po(^)y(^) 


Q(x) 


(17) i-r P^(a:)2/(a;4-m) P^{x)y(xA-my 

If y(x) > exp {Ax log x) for a sequence of values of x s= — >► oo, we have by Lemma 4 

^ y(x-i-m) > (a:+m--«l)^i/(a?d-m — 1), 

ana 

2 /(a?“l-m — 1) > exp (a;4-^>^— 1)> 


where B = a-j- \ky for a sequence of values of x = X,, -y oo. 
Hence if x = X„, then 


Ptn -i(x‘)y(xA-'ni--2) 


Pfn(^)yy^A-rn) 


< CiX^^ 


i~Pf» yi^A-ni-l) 
y(x + m) 


a cxx^***~^ ^ i)y a>H X = X„ — > 00 

^ ^ l)»/r(x+m — 2) 

^ ‘ y{x+m) 


< Cj-r 


(Pm- 


z-P, 




0 as cr = X„ 00 . 


Siiriilarly, the remaining ratios on the left-hand side of (17) tend to zero as 
X = X„ 00 . Further 


Qi^) 

Pm{^)y{^A-m) 


< CiX 


A -Pm 


1 

y(x-{-m) 


0 , 


as X = X„ 00 . 


Hence we have a contradiction and so y{x) < exp {Ax log x)y x >* Xq which proves 
the theorem. 

The corollary follows from the theorem. Theorem 3 and its corollary follow 
immediately from Lemma 1. 
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The ratios TjT* take the forms 


(18.1) 

(18.2) 

(18.3) 


i x^oy(x)^^ — 1 )^*” 

y{x+m) 


r 

1 ^ ) 

\y(x)^^ .... y{x+m.—2 )^”~^ ) 


/3 „ > 

P'm-\ > Pm-1> 


respectively, where ki, A; 2 , . • - . are all non-negative constants and kQ is nejiative 
if all . . . . k^^i are zero. Let 


I iCj I -I- . . • . -f I I = 

|iPi|+ -- + \Pm-i\^ 

and let ai be max for all ratios of the ty})e (18.1) and let be max for aU 
ratios of the type (18.2) and let a = max(l, B, loi^ ai, lo;;a 2 ), ^ = l-b2a. If 
y(x) > 62 (- 4 a;) for a sequenr(» of values of .r oo , then by Lemma 3 we can choose a 
sequence (a?„) such that 

2/(:r+l) > e2{Dx), 
y(x-^}) > {y(x)}^^^^f^\ 

.V(:r-f-2)> {y(:r+l))^*P<^/2) 


where D s= |+2a, for x = -> oo. By hypothesis (10) all ratios of the type (18.3) 

tend to zero as .r -> oo . Further 


y{x+m — 2) < y(a;-f m — l)c2(B(x-|-m — 2)), 
y{x+m — ^) < y(;r+m — 2)e2(B(,r+m— 3)), 
and so on. Hence for .r = .r„-f2— m, we have 

x^^y(x)^^ . //(.r-f w— l)^*" < — ““!))} 

where A is a constant. Further 

x^oy(x)P^ . . . . y(a:-f m— < y(a:-f w — 2)‘^8{e2{B(a:-f m — 2)) } ^. 

Hence the ratios of the type (18.1) and (18.2) tend to zero as x = ;r„4*2— m oo. 
Thus we have a contradiction and so y{x) < e2(.<4a’) for x > iro(^). 

Corollary 1 follows immediately since when = ^2 then either > fii or 

and jS'o > iSo- 

To prove Corollary 2, 8U[)pose, if possible, that (11) is false. Then 
(19) y{x) > e 2 (Ax) for x > Xq. 

Hence both conditions (3) and (10) are satisfied and from Corollary 1 we have 
y{x) < e 2 (^^) ^ > xq, which contradicts (19), and Corollary 2 is proved. 
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WINDS AT 10 KMS. AND ABOVE OVER INDIA AND ITS NEIGHBOURHOOD. 

By S. P. Venkiteshwaram. 

(Communicated by Dr. S. K. Banerji, D.Sc., F.N.J.) 

{Read at the Symposium on ' Atanospheric Processes', held at Bombay on 30-31 August, 
1946 ; received for publication on 2-6-1949.) 

Abstract. 

Upper winds from the surface to 8 kms. over India have been analyzed by Dr. Ramanathan 
and Mr. Rarnakrishnan. The present j^apor summarizes all data available during tlie period 
1920 to 1941 for the levels above 8 kms. Charts showing the general circulatioji of winds for 
every 2 knm, level from 10 to 20 kms. are drawn. These Charts show th«‘ strength and dire<‘tion 
of the Westerlies during the winter months and the Easterlies during the monsoon months. 
Tlie charts for the transitional mouths indicate the r('])lacement of one set of general circula- 
tion by the other. The zonal components of the winds over India at ail levels from to 

26‘'N. drawn for the two representative months February ami August cornparetl with tliose 
drawn by Bjerknes from an analysis of the upper air ])rcssurc! flistribution show similarity. The 
paper also illustrates the variation of wind with height ovna- different rcgi<jns in different 
seoisons. 

Upper wind circulation over India and it.s neiglibourliood uj) to 8 kms. has been 
analyzed and discussed by K. R. Ramanathan and K. P. Raraakrishnan (1939). 
Recently, during the war, more u])-to-dat(^ charts analyzing all available' data over 
India and its neighbouring countries, viz. Russia, Iraq, Arabia, Malaya, Siam, 
Indo-China and China have been published (1943). These also give the upper air 
circulation up to 8 kms, ordy. Demand for information ic^garding the upper air 
circulation at much higher lev(‘ls has, however, incrt'.ast d rect'utly due to the increase 
in the levels of fly i tig that- can be usually attained by aero])lan(*s and due to attempts 
at stratospheric and ro(‘ket flying. There is no analysis on this subject for India 
except that by N. K. 8ur (1939) over a single station, viz. Agra. The present 
paper summarizes briefly all thi' available data abov^^ 8 kms. ov(‘r India and its 
neighbourhood. 

The resultant monthly direction and vi'locities and tlu‘ average speeds irrespec- 
tive of direction together with a number of obvserv^at ions at each km. level up to 
the maximum height for which it is availalile for all Pilot Balloon Observatories 
under the India Meteorological Department are publislied annually. All sucli data 
for the period 1920 to 1941 were tabulated and analyzed. 

In summarizing the data, the observations made during the different parts of 
the day have not been stqiarated out, and all available data havc^ been taken into 
account. There seems to be no objection to this as the diurnal variation at such 
high levels will be negligible; the mimber of occasions with two high flights on the 
same day at one station will also be negligible, because for most of the jicriod for 
which the data have been analyziKl, either the morning or the afternoon flight was 
restricted to (^xj)edite supply of data to different customers, particularly the 
aviators. There was also the limitations imposed by the diurnal variation of cloud 
and visibility. 

Different types of balloons have been used for Pilot Balloon Observations in 
India, e.g., balloon made of gutta porcha tissue made at the Upper Air Observatory 
at Agra/Delhi, balloons from rubber tissues obtained from Germany, and rubber 
balloons obtained from England, Germany or America. The size of the balloon 
used varied with the season, bigger ones being invariablj^ used for unrestricted 
ascents in clear weather. 
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The method of observation and computation throughout was the single station 
‘tail method’. The length of tail used depended upon the weather and the size 
of the balloon, 100 metre tails with flags at 12^, 25, 50 and 100 metres being 
normally used with the bigger size balloons in clear weather. 

Most of the flights were checked by the Central Observatory at Agra/Delhi 
before accepting them. In deciding the height up to which a particular flight is 
accepted, the shape and character of the ‘height line’ is particularly examined 
along with the other factors. 

It can be remarked that these high level winds obtained from Pilot BaUoon 
Observations depict the conditions during clear weather only. However, with the 
design of instruments for determining the upper winds by Radio, it will be 
possible to obtain high level data in larger numbers in all seasons. Though the 
present analysis may not represent the circulation over disturbed areas, it will be 
a fair reiu-esentation of the general circulation over the (;ountry. The upper winds 
over a particular area during cloudy season can be inferred by extrapolation, e.g., 
even if no ascents are possible on the western half of the Peninsula during the 
monsoon, high ascents are pos.sible on the eastern half, and the winds at these high 
levels can be fairty representative of that over the West Coast. 



FIG TOTAL NO. OF OBSERVATIONS AT 10,15 «, 20 KMS 
OVER INDIA IN DIFFERENT MONTHS. 

Fig. 1 gives the total number of observations over the whole of India and ijfs 
neighbourhood during each month for the 10, 15 and 20 km. level. The number of 
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FIG. 3 
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observations shows minima in the two months February and July. The compara- 
tively small number of observations during February can bo explained as being 
due to the winds being strong and from the west over the country at most of the 
levels with the result that the balloons are lost at low angles to the east before long. 

The com])aratively fewer observations during the month of July can be easily 
explained as due to the south-west monsoon when most of the country is cloudy. 

During the months, February to May, though there is no large change in the 
direction of winds, the wind sf)eeds decrease from month to month, ])articularly 
over northern India below the 10 km. level. Therefore the balloons do not drift 
horizontally to low angles so quickly in May as in February, and the number of 
high observations are also larger. There is a sudden drop in the number of 
observations after this month due to the onset of the monsoon. 


KMS. 



FIG. 4. MEAN WIND OVER DIFFERENT REGIONS IN INDIA. 


The second maximum during Septombei* and October is also due to the clearing 
of the skies after the monsoon ; the number of observations are greater in September 
at the 15 and 20 km. levels, as the winds are weaker during this month than during 
October at most levels over northern India. 

All available data were analysed and the resultant direction and velocity of 
winds were charted for the levels 10, 12, 14, 16, 18 and 20 kms. for different 
months. Lines showing the general direction of flow of winds were also di'awn. 



FIG.5 








ABOVE OVEK INDIA AND ITS NEIQHBOUBHOOD. 


25 


Figs. (2) and (3) are the charts for the two months February and August. The 
‘High’ circulation over south China Seas observed during the winter month of 
February moves to the north from month to month till August when it is situated 
over the Himalayas. It gradually moves back to the South China Seas 
from September onwards. The winds at all levels are, therefore, westerl}^ over 
India and its neighbourhood during winter. But during the monsoon up to 20 kras. 
they are mostly easterly exee])t at the extreme north as indicated by the winds at 
Peshawar. At Peshawar, the winds are westerly in all the months from 10 to 20 kms. 
However, the single available observation for August shows that the wind at 
20 kms. and above is easterly up to the 29 km. level and has an average speed of 
about 45 km, per hour. 

The variation of the mean speed of wind at different heights over the different 
regions of India during the winter and monsoon is shown in Fig. 4. During winter, 
the winds are stronger over the northern half of the country, and attain their 
largest speed between the levels 12 and 16 kms. Over this area, velocities of the 
order of 150 to 200 km. per hour are common during this season. Above the 
16 km. level, there is an appreciable decrease of speed with height . In the soutlaun 
half of the Peninsula, the speed between the 10 and 20 km. level averages about 
45 kms. per hour. 



FIG. 6fd). ZONAL COMPONENTS OF GRADIENT WINDS. FIG . 6 (b) .E "W COMPONENTS OF WINDS 

FEBRUARY. (BJERKNES; ALONG 78‘E ( DEC FEB.; 


During the monsoon, winds over northern India are weaker than those during 
winter; in the southern half of the Peninsula, the^^ are stronger than those during 
December-February ; but information is not available above the 16 km. level over 
this area. However, even in these levels, easterly winds of the order of 100 to 
150 kms. per hdur appear to be common. 

, Bamanathan and Ramakrishnan (1939) have summarized and published charts 
showing the direction of movement of high clouds over India and neighbourhood in 
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January, April, July and October. The wind circulation at the 10 and 12 kin. level 
agrees fairly accurately with the movement of the high clouds. (Fig. 5.) One can, 
therefore, infer that the high cloud level over India is of the order of 10-12 kms. 
where the temperature is about 220° A. 

From tlu^ upper air ])ressure and temperatui‘(^ distribution, Bjerknes (1933) 
has calculated t he zonal strength of the gradient/ winds for different heights during 
the two months February and August — Fig. ()(a) and Fig. 7(a). In these diagrams 
Bjcu'knes has drawn the boundary between tlie westerly ancl easttaly components 
below the 10 km. level in the tropics from the observations of Banerji and 
Ram anat h an ( 1 930) . 

The mean west-east components of winds u]) to 20 kms. over the 78'E. 
longitude were calculated and charted for the two seasons. Decern ber-February and 
July-August, Figs. C){b) and l{h). The diagrams re})rescuit the zonal eircuiation 
ovei' the ivgkm from the equator to about 35°^. as upper wind data are available 
only for this region. The data up to 8 kms. have been taken from Ramanathan 
and Ramakrishnan’s paper. The upper wind observations of Batavia (1943) have 
also been incorporated and the curves for regions to th(‘ south of latitude are 
therefore ap])roximate to this (‘xtent. The height of the tropopause is from 
Rarnanatharfs diagram. The zonal circulation calcnlafc^d Bjerknes agrees fairly 
accurately over the region for which the observations are available. 



FIG.7C«) ZONAL COMPONENTS OF GRADIENT WINDS FIG.7(b).E-W COMPONENTS OF WINDS 
AUGUST (BJERKNES) ALONG 7^E (jULY-AUGUST) 


This is in brief the general circulation of winds at high levels over 
India and its neighbourhood. A more detailed paper on the subject is under, 
preparation. 
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I. Introduction. 

Goodrich (1900, 1945) gave a new orientation to the study of nephridia and 
genital ducts, particularly in the Annelida. Since the publication of Goodrich’s 
work, there have been, however, vc^ry few investigations in this field, and there are 
still some problems that require elucidation. Our knowledge of the thoracic organs 
of the Se^rpulimorpha is incomplete, especially in regard to their form and structure. 
Besides the thoracic organs, paired segmental organs with wide funnels are noticed 
in the abdomen and in some instances in the thorax also (Evenkamp, 1931), but 
their homology and relation to the thoracic organs are uncertain. 

The present paper is a study of the morphology of the thoracic organs and also 
of the posterior segmental organs in the different species of the Serpulimorpha. 
A study of the segmental organs of the Cirratulidae is also included, as they recall 
to some extent features noticed in the Serpulimorpha. The segmental organs of the 
Cirratulidae have an additional interest. In the Cirratulid Dodecaceria coyicharuw 
( — Dodecaria concharum), the posterior segmental organs, as shown by Caullei^ 
and Mesnil (1898), arc formed entirely from the coelomic epithelium and are in- 
dependent of the nophridial component. Such a condition is of rare occurrence in 
the Polyohaeta and warrants a detailed study. 


II. Material and Methods. 

The speciniens studied in the present investigation are ( 1 ) Dasychone cingulata 
,Grube, Mercierella enigmatica Fauvel, Sabellaria spinulosa Leuckart and the Cirra- 
tulid Aiidoainia anchylochaeta Schmarda. Specimens of Dasychone cingulata were 
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obtained from Madras harbour, where they are found in abundance on the boulders. 
MercAerella eniginatica was obtained from the Ennore backwaters near Madras. 
It lives in calcareous tubes which are coiled at the base and attached to the oyster 
shells. Sabellaria spinulosa was obtained in a collection of specimens dredged 
from the sea near Madras. Audouinia anchylochaeta was obtained in large numbers 
in the Madras harbour. 

The worms were narcotized by treatment with an 8% solution of magnesium 
chloride. The narcotized worms were dropped into the fixative and immediately 
afterwards cut into small pieces. Bouin’s fluid, Bouin Duboscq, and Susa’s fluid 
gave the best results. The sections were cut Sp to 12 p thick and stained in 
Heidenhain’s iron haematoxylin and counterstained with eosin. 

III. Previous Work. 

Among the earlier zoologists Claparede (1873), Haswell (1884) and Meyer (1887) 
investigated the nephridial system of the Serpulimorpha and described the thoracic 
organs and the abdominal segmental organs as well. But to Goodrich (1900), 
belongs the credit of demonstrating that the nef)hridia of the 8erpulimor])ha are of the 
mixone})hridial type and that the internal cihated funnels are of the nature of 
coelomostomes. More recently Evenkamj) (1931) described in detail the thoracic 
organs and the posterior* segmental organs in the Sabellid worms Euchone papillosa 
and Laonorne kroyeri and showed that they were remarkable in having a net-like 
formation in the thoracic region and in the occurrence of segmental organs func- 
tioning as gonoducts. The investigations of Thomas (1940) and Segrove (1941) 
support in general the conclusions of the ciarlicir authors. Meyer (1887) observecl 
that the tiioracic organs in Sabellaria aloeolata, resemble those of the Sabellidae and 
Serpulidae, and open to the exterior by a common median duct. But according to 
Dehorne (1908) the thoracic organ Sabellaria alveolata is independent of its fellow 
and opens by a separate dorsolaterally situated nephridiopore. Drdiorne (1908) has 
pointed out the resemblance between the thoracic organs of tlu^ 8abellaridae and the 
anterior nephridia of the Cirratulidae. The nephridia of the Cirratulidae were 
described by Clapparede ( 1 869), Cosmovice (1879) and Cunningham (1887). Caullery 
and Mesriil (1898) observed that in Dodecaceria concharum, besides the anterior 
nephridia there are segmental organs with large funnels which develoj) late* during 
the epitokous phase from the coelomic epithelium and serve for the exit of the 
genital products. In the atokous forms such structures are absent. According to 
Goodrich (1900) the anterior pair of nephridia and the posterior s(*gmental organs 
are of the nature of mixonephridia, with the ne})hridial portion predominant in the 
anterior pair, but reduced in the posterior segmental organs which are characterized 
by prominent coelomostomes. 

IV. Nephridia and Coelomoducts. 

(a) Dasychone cingulata : 

The nephridial .System in Dasychone cingulata consists of an anterior pair of 
thoracic organs and a series of large -funnelled segmental organs occurring both in 
the thorax and abdomen. On dissecting the worms, the thoracic organs are seen 
as thin-walled, much lobulated and sac-like structures, situated on either side of the 
oesophagus and extending through the first six or seven segments of the thorax 
(Fig. la). The thoracic organ belongs to the first thoracic segment and consists of 
four parts : — First the ciliated funnel which extends into the head segment and reaches 
a point close to the brain and immediately behind a band of muscles of the head 
segment (Fig. 16). The funnel is asymmetrical and its position is similar to that 
found in the Serpulid Psygmohranchus protensus. It is lined with flattened and 
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prominently ciliated epithelium. The cytoplasm stains homogeneously and the 
cell-limits are not distinct, the nuclei occurring at intervals along the margin of the 
tunnel. SuccecKling the funnel, is a narrow canal which forms tlu^ beginning of 
the descending limb of the thoracic organ (Fig. Ir and Ph.rn, 1). It runs back- 
wards and gradually widens. The wall of the (;anal is formcxl of a single layer of 
columnar (^ells with rounded nuclei and a number of chromatin bodies. The 
cytoplasm is granular, showing dark-staining bodies, probably of excretory 
nature. The ciliation in the canal is less dense than in the funnel. The (lescending 
limb passes into a sac-like ascending limb which occai^jit^s a major ])ortion 
of the space between the oesophagus and the body wall (Fig. Ic and Ph.rn. 1). The 
walls of the ascending limb are folded inwards and the folds present an irregular 
net-like appearance in sections. The epithelium lining the ascending limb is com- 
posed of much flattened cells, with vacuolated cytoplasm and long fiagellifonn 
cilia, not unlike those in the glandular sac of the thoracic organs of E iipoifiaius elegans 
(Haswell, 1884). The bcnit of the ciha in the canals apj)ears to be reversibk*, arxl it 
is possible that the current of water Hows in both directions in the canals. Tlu^ 
ascending linil) passes anterifrrly into a narrow duct which runs at first laterally, 
and then dorsally to the corresponding part of the op])osite side, with which it uniti's 
to form a median duct. The median duct runs dorsal to the brain and opens to the 
exterior at the base of the branchiae. The terminal part of the duct is short and is 
lined with flattened cells. A thin eoelomic epithelium covers tlu' outer surface of 
the thoracic organ in the dilfertmt regions. 

The segmental organs an‘ paired and provided with large funnels and shoi’t 
ducts. They occm’ in the thorax from the second thoracic segment onwards along 
with the thoracnc organs, and also in all the abdominal segments. The form, 
structure and j)osition of t h(‘ segmental organs differ from those of* the thoracic 
organs. Fkich sogrnental organ lies ventrolaterally close* to the se])tuni and o])ens 
into the (?oelom by a large funnel vemtral to the dorsal longitudinal muscles. The 
greater part of the* se‘gmental organ is formed by the* liinne*! which norrows into a 
short canal opening to tiu*, exterior ventrally to t he* parapodium. 'The funnel and 
the duct lie in one and tin* same se*gment. The* lining of the funnel is composed 
of (jubicai ciliated cells ha ving oval, or roundt*d nuclei with prominent nucleoli and 
chromatin. The cytoplasm of the cells stains uniformly and there are no excretory 
granules. The cilia are (lens(*ly arranged and arise from basal granules arranged 
in a row in the i (‘ll bodies (Fig. Ic). fold of connective tissue extends from the 
se})tum and su[)])orts the outer wall of the funnel on the side adjacent to the septum. 
The lining of the duct dx^cs not present any special features. The duct may bt* 
regarded as a continuation of the base of the funnel. In some cases the* genital 
products were noticed in t heir passage to the exterior through t he funnel and duct. 


{b) Mercierelki enigmatica : 

Mercierella enigmafica agrees with other Serpulids in having the thoracic 
nephridia reduced to a singk* anttuior pair situated in the first setigerous segment. 
Each thoracic organ consists of a narrow ciliated funnel leading into a 
U-shaped tube, the ascending limb of which joins its fellow of the opposite 
side to form a median tube opening to the exterior at tbe anterior end. The 
funnel (Fig. 1/) is V-shaj)ed in sections with thin walls, the c-ells of wdiich are 
much flattened and thickly ciliated. The funnel is continued into a narrow canal 
which gradually wid(*ns out into a sac-likti structure forming the asc*ending limb 
ofthe organ (Fig. ij). The walls of this sac-like expansion are composed of columru'r 
ciliated cells. Idie cilia are long and llagelliform, similar to those described in the 
ascending limb of Dasychone Cingulata. Accumulations of dark -staining granules, 
probably of an excretory nature, ar(^ found in the cells. Externally the sac is 
covered by a thick fibrous coat. In front, the sac narrows into a duct which joins 
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FlO. 1. 

All figures have been drawn with camera lucida. 

Daaychone cingidata : 

a. Thoracic organ of Dcbsychonc cingulata as seen in a horizontal section of the anterior 

end of the worm. 

b. The ciliated funnel of the thoracic organ as seen in a horizontal section of the worm. 

c. Transverse section of the worm passing through the thoracic organs. Both the^ 

descending and the ascending limbs of the organ are seen in the section. 

d. Gonoduct of the thorax as seen in a horizontal section of the worm. 

e. A portion of the wall of the gonoduct. 

Mercierella enigmatica : 

f. Longitudinal section of the ciliated internal funnel of the thoracic organ, 

y. The terminal portion of the thoracic organs of either side which join together 
to form a common duct as seen in horizontal sections of the worm. 

(Key to lettering — eee page 39.) 
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with its fellpw of the opposite side to form a median duct (Fig. 1^), leading to the 
exterior. The lining of this canal is composed of flattened cells, having a few cilia 
and without excretory granules or other special inclusions. 

The paired segmental organs which function as gonoducts are confined to the 
abdomen and do, not extend into the thoracic segments. The most prominent 
part in ^ach segmental organ is a large trumpet-shaped funnel opening ventro- 
laterally, above the ventral bundle of longitudinal muscles (Fig. 2a). The lips of 
the funnel are unequal and composed of cubical cells with long cilia, and without 
any special inclusions. The funnel is continued into a duct which loops round 
the longitudinal muscles and passes to the external pore (Ph.m. 2) which is 
situated ventrally, and somewhat towards the median line. The lining of the duct 
is similar to that of the funnel. Genital products are sometimes found in the duct. 
The external aperture is closed by a thin membrane which is probably ruptured by 
the accumulation of the genital oells at the aperture, as has been recorded in the 
case of the Sabellids, Laonome kroyeri and Euchone papillosa (Evehkamp, 1931). 
The general structure and disposition of the segmental organs recall those of 
Pornatoceros triqueter (Thomas, 1940). 

(c) Sabellaria spinulosa : 

The general lay-out of the ne{)hridial system of Sabellaria spinulosa re- 
sembles that of the 8abellids and 8€>rpulids. The thoracic organs are formed in the 
first three segments of the thorax, lying on either side of the oesophagus. They 
form U-shaped loops, the outer limbs of which are short, narrow, and lie in 
close proximity to the body wall, while the inner limbs are expanded into 
wide sac-like structures (Fig. 2b), The outer limb opens into the coelome by 
a ciliated funnel with unequal li})s which is situated at the dorso-lateral border of 
the segment, close to the longitudinal muscles. The funnel is lined with flattened 
cells bearing long cilia and leads into a narrow canal which forms the commencement 
of the descending limb. The cells lining the descending limb are narrow, with 
rounded nuclei and granular cytoplasm and bear a sparse coating of cilia. The 
ascending limb, which forms the inner loop of the thoracic organ, expands into 
three superposed sac-like structures closely surrounding the oesophagus (ph.m. 3). 
The cells lining the sacs are characteristically vacuolated and possess basally situated 
nuclei. The sacs of the two sides in each pair remain separate anteriorly, and end 
blindly. There is no median duct as is seen in the thoracic organ of Sabellids and 
Serpuiids. Posteriorly, the dorsal sacs of the thoracic organ appear to open into 
each other, dorsal to the oesophagus. Dehorno (1908) regarded the external opening 
of the thoracic organs to be situated above the parapodia of the second segment. 
My observations fail to confirm the presence of any such external opening. A 
careful study of the sections shows that a lateral extension of the thoracic organ 
enters the parapodial cavity of the second segment and reaches the branchia where 
it ends blindly (Ph.m. 3). Anteriorly also there is no evidence of a common median 
duct leading to the exterior. The close association of the' sac-like expansions of the 
ascending limb with the oesophagus in this species seems significant. The walls of 
the sac and the oesophagus are thin and it is possible that they allow diffusion of sub- 
stances into the lumen oUthe oesophagus. The absence of a definite external pore 
would lend additional support to this view. The absence of a common median duct 
may be explained as a secondary reduction. Paired segmental organs occur in all 
segments behind the 8th segment. The funnel is wide and the duct connected 
with it is short (Fig. 2c). The opening of the funnel lies ventrolaterally below 
the parapodia. Both the funnel and the duct lie in the same segment. The 
epithelium of tl\e funnel as well as the duct is composed of a single layer of cells 
possessing a dense covering of long cilia, and a uniformly staining cytoplasm 
with found nuclei. There is no histological difference between the funnel and 
duct. 
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Fig. 2. 

All figures have been drawn with camera lucida. 

MerciereUa enigmatical : a. Abdominal segmental orgartiB which serve as gonodiicts as seen 
in a transverse section of the worm passing tlirough the abdominal Begion. 

Sabdlaria spinulosa : h. Longitudinal section of the internal cilia t€5d funnel of the tl^oracio 
organ, c. The posterior segmental organ of the abdomen as seen in a transverse 
section of the woim. 

Avciouinia anchylochaeta : d. A longitudinal section of the internal ciliated funnel of the 
anterior nephridium. e. A section of the ascending and descending limbs of the 
anterior nephridium. /. The terminal part of the nephridial canal and the nephridio* 
pore which lies ventrolaterally as seen in a transverse section of the worm at its 
anterior end. * 

{Ke^ to lettering — see page 39) 
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(d) Audouinia anchylochaeta : 

The nephridia in this species ate reduced to a single anterior pair situated in 
the first two setigerous segments. There are no other segmental organs. Each 
nephridium is in the form of a slender U-shaped structure, with the two limbs 
closely applied to each other. The funnel of the nephridium, which is provided 
with unequal lips and a dense coat of cilia, lies in front of the septum between the 
second achaetous segment and first setigerous segment (Kg. 2d), and opens into the 
coelom in the former segment. The epithelium lining the funnel is thin and formed 
of a single layer of ciliated cells. The cell limits are not clearly defined, and the 
nuclei are found at intervals. The cilia are long and prominent in the region of the 
funnel but gradually become short as the funnel passes into the descending limb 
which has an almost straight course as it passes backwards. It is lined by cubical 
ciliated cells, with prominent round nuclei and cytoplasm showing a number of 
concretions which stain dark in iron haematoxylin. The cilia are few and in the 
more distal parts of the limb they are fewer still. The descending limb of the 
nephridium extends behind into the second setigerous segment where it turns forwards, 
forming a bend which leads to the ascending limb. The ceUs of the Limb are flat, 
but otherwise similar to those of the descen^ng limb. Near the anterior septum 
of the first setigerous segment, the ascending limb bends abruptly at a right angle 
and curves to the ventral wall of the body where it opens to the exterior by the 
nephridiophore (Fig. 2/ and Ph.m. 4). The walls of the terminal part of the nephri- 
dial canal from the point of its curvature from the main body are very thin, and the 
cells much flattened, with small nuclei and reduced cilia. The nephridiophore is a 
small oval aperture, in the ventral epidermis, close to the ventral longitudinal 
muscles (Fig. 2/ and Ph.m. 4). A thin, coelomic epithelium with oval nuclei covers 
the nephridium. 

In segments other than the first two setigerous segments, no trace of segmental 
organ is found. In mature specimens the posterior segmental compartments, from 
the twelfth segment backwards, are filled with reproductive elements but there are 
no gonoducts for their liberation to the exterior. 

V. Discussion. 

A comparison of the thoracic organs in Dasychone cingulata, which are described 
in this paper, with those of other SabelHds shows that they bear no resemblance to 
any one particular tvp(^ In their extension into a greater part of the thorax, they 
resemble those of Spirographis spallanzanii, and in the expansion of the outer loop 
to form a sac-like structure they resemble those of Euchone papillosa, and in the 
position of the funnel they resemble those of the Serpulid Psyg^nobranchus prof ensus. 
The thoracic organs of the Sabellidae show a variety of form and structure. In the 
Serpulidae the thoracic organs show a wider range of variation, and two distinct types 
have been described: — (1) In forms like Psygmohranchus protensus the thoracic organ 
is typically U-shaped with an open internal funnel and common median duct at the 
anterior end, and (2) in forms like Eapomatiis elegans (Haswell, 1884) and Filograna 
implexa (Faulkner, 1930) the thoracic organs are not U-shaped, but are sac-like 
structures continued on each side into a duct which joins its fellow to form a median 
canal leading to the external pore. The absence of the descending limb and the 
position of the funnel in the case of the second type are other differences. In other 
respects the two types are quite similar. It is probable that the second type is 
derived from the U-shaped thoracic organ df the first type by the suppression of 
the descending JiiDb. With regard to the thoracic organs of the SabeUaridae, 
there has been* much uncertainty. Meyer’s view is that the thoracic organs of 
Sabellaria agree in all respects with those of the Sabellidae and Serpulidae, but this 
view is untenable in the light of the work of Dehome (1908). The observations 
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made in this paper show that the thoracic organs of Sabellaria differ from those of 
the Sabellidse and Serpulidse. 

The anterior nephridia of Audouinia anchylochaeta are similar to the type de- 
scribed in other species of Cirratulidae in all essential features. They resemble the 
thoracic organs of the Serpulimorpha in being restricted to a single pair, in their 
U-shaped form, and in the position and structure of the internal ciliated funnel. 
But they differ from the nephridia ol Cirratulidae in the nature and position of the 
external opening, a feature which Dehorne (1908) emphasized as indicating an 
affinity with the Sabellarida'!. 

The anterior nephridia of Audouinia are very much like the nephridia of 
Smlibregrna inflatum Ashworth (1902). In both, the nephridium is U-shaped 
opening into the coelom by a small pre-se])tal funnel leading to the nephridia! loop 
which opens to the exterior by the nephridiophore situated in the segnauit just 
behind the one in wliich the funnel opens. But unlike the arrangement in Scali- 
bregyna, where the nephridia are arranged in segmtmtal pairs numbering about 40, 
a single pair is found in A udouinia although in other CirratulidcE the nephridia occur 
in the posterior segments also. These posterior nephridia differ, however, from 
the anterior pair in possessing larger funnels and shorter ducts. This difference 
may be explained as due to the specialization of the posterior nephridia for an 
exclusively reproductive function (Goodrich, 1900). . 

Goodrich (1900, 1945) pointed out that the thoracic organs art^ homologous with 
the mixonephridia, but it is not known in many instances whether the raixone})hri- 
dhim is formed from a metanephridium or a j)rotoijephridium. Faulkner (1930) 
observed that the thoracic organs of Filogrami i)uplexa are metanepliridial like 
those of Nereidfle and Gapitellidae, whik^ according to Malaquin (1908), they are 
protonephridial. The morpliological evidence based on the study of the adult 
animals alone is insufficient for the determination of the homology of the n(?phridial 
system, but a comparison of the arrangcunent of the ne])hridial system in Poecilo- 
chaeAm serpens (Alkm, 1904) with that in t he Serj)ulimorpha and (Jirratulidse, suggests 
that the thoracic organs are metanephridial. In Poecilochaetus, the nephridia occur 
in most of the body segments, and are metanephridial in the anterior scigments, till 
the sixteenth segment, and mixonephridial in the posterior segments. This arrange- 
ment represents a generalized condition from whicdi the more) specialized types found 
in the Serpulimorpha and Cirratulida? could be derived. TIk^ arrangement found 
in Dasychone cingtdata- resembles to some extent that occumng in PoecilocAiaetus, 
as the thoracic organs belonging to the first segment and the gonodiicts occurring 
in the second segment onwards form a complete segmental series with the thoracic 
organs specialized for an excretory function and the remaining for a genital function. 
The absence of segmental organs in the thorax functioning as gonoducts in the 
other species of the Serjmlimorpha is probably due, as suggestecl by Evenkamp (1931), 
to their degeneration consequent on tlu* absence of genital products in the thorax. 
Similarly the^single pair of nephridia in Audouinia anchylochaeta may ho, the last 
surviving representative of an originally comj)lete series, the others having disaj)peared 
owing to loss of function. The posterior segmental organs of the Serpulimorpha 
are more or less uniform. The prominence of the funnel and the shortening of the 
duct are thcar characteristic feature's. Goodrich (19(X)) has pointed out that the 
posterior segmental organs in the Serpulimorpha are mixonephridia in which the 
nephridia] part is reduced, A comparison of the shape and structure of the seg- 
mental organs in the different sj)ecies shows that the nephridial part has been reduced 
in varying degrees in the different species. The condition in Dasychone cingulMa, 
suggests a more pronounced reduction of the nephridial }nirt than in other species 
studied. If the reduction of the nephridial part is compkdc', the segmental organ 
which consists only of the coelomostome and a duct arising from it would result. 
Tliis is exactly the condition described by Caullery and Mesnil (1896) in Dod^itaceria 
conchurum,. But in this form the authors observed that the genital funnels arise 
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late, only during the epitokoua phase, and open to the exterior to convey the genital 
products. The late ay^poarance of the coelostomes is a feature not unknown in other 
Polychaets. Goodrich (1900) yDointed out that in the Syllidae, in the immature 
condition, the segmental organs consist only of the metancphridia which open by 
nephrostomes, but in mature sp(‘cinien8 large ciliated funnt'ls dcveloj) and become 
grafted on to the nephrostorne. The occurrence in Dodecaceria of genital funnels 
of the nature of coelomostomes without a nephridial component is of unusual interest 
from the point of view of the general theory of the relationship between the coelomo- 
ducts and nephridia. Such ind ('pendent ly functioning coelomoducts have been 
recorded only in the family Capitellkhe which retain th(' ynirnitive relationshiy) 
between these two sets of organs, while in all other families with the exception of 
the Nereidae in which the coelomoducts have become degenerate, these two organs 
are intimatedy associated. In Dodecaceria conchariim genital funnels which function 
indepc'ndently arc found. This (‘ondition though apyiarently similar to that found 
in the Capitellidse is not identical with it. In the Cay^itellidse both ceolomostomes 
and nephridia occur indey)endently in every segment and function as the genital 
ducts and excndory organs rosj)ectively. On the other hand, in Dodecaceria con- 
char am, the occurrence of the coelomostomes indey^endently of the nephridia apj)ears 
to be due to the reduction of the ney:>hridial part in the mixonephri^ium, tending 
to a complete disappearance of the nepliridial component. Such a concjition, as 
pointed out by Goodrich (1945), is probably secondarily acquired and does not 
show the y)rimitive indeyiendence between the coelomoducts and the iiey^hridia 
The segmental organs functioning as gonodiicts in Dasychone point to them resem- 
blance in their shape, structure and ymsition to the genital funnels described by 
Caullery and Mesnil (1898). Possibly like their counter})arts in Dodecaceria, they 
repr('8cnt only the coelomostomes in which the nephridial part has been comydetely 
reduced. 

The absence of the posterior segmental organs in Audoainia anchylochaeta is 
y)ossibly due to the animal having a diff(Tent nnxle of shedding the genital products. 
Th(‘ d('gen(‘ration and disa])y)earance of the co(4omoducts in correlation with the loss 
of their function as genital passag(‘s are known in a number of Polychaets. The 
condition seen in Clistomasim (Gcjodrich, 1990) is an instance illustrative of this 
features ‘In CUsiomasiufi wlu're the g(merative ('ells escayie through the rupturing 
of the body wall the genital funnels are found only in a more or less rudimentary 
state.’ In Andouinia anchylochaeta it is likely that the genital ymoducts are shed 
by the rupture of the body wall and therefore it is probable that the genital funnels 
have been secondarily suppressed. A similar instanc'^e is seen in Prionospio cirrifera 
(Aiyar, 1939) in which the nephridia are reduced to thr(?e pairs at the anterior end. 
The absence in this species of posterior mixom'phridia which are found in the allied 
members of the family recalls the condition seen in Audoainia artehylochaeta. 


VI. Summary. 

1. The nepUridiu and coolomoductH of Doffifchonc cingulate, Mercic relief, enigmatica, Sabellari<\ 
sjufudo^n, and Andouinm anchylochaeUi were studied and their morphology is diseusHed. 

2. In Dasychonc chigulata tliero is a single pair of thoraeie organs. Each is U-shuped and 
oponfl internally by a eiiiated fnnnc'l. Tlio t\AO aseending limbs of the thoraeie organs join 
together to form a median passage opening to th<> <>xterior by a dorsal pore. A feature of tho 
ascending limb is tlio sae-like expansion, \\ lioso walls have a number of ingrow ths, tluis presenting 
the appearance of a system of eanalh inside lla^ sac. Segmental organs with large funnels and 
short duets oeeur in the second thoraeie segment in the thorax and in all segments of the abdomen. 

3. In Mercicerclla enigmatica the thoraeie organ, w'hieh is U-shaped, opens internally by 
a small funnel. The thoraeie organs of both sides join together to form a median duet which 
opens dorsally. Wide-fumadled segmental organs oeeur in tho abdominal segments, but are 
absent ip the thorax. 

4. In Sa^ellaria apinulosa tho thoracic organ does not appear to possess an external opening. 
The asc'onding limb is expanded into three superposed sac -like structures wliieh surround the 
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oesophagus. The descending limb and the fiamel are similar to those in serpulids like Psygnto- 
branchus protensua. 

5. In Andouinia anchyloehaein thoro is only a single pair of U-sliapcd nepliridia opening 
intornally by a ciliated funnel in tlie second aehaetous segment and extending posteriorly to the 
second or third sotigerous segment. 

The external openings are situatt'd ventro -laterally in^tho first setigorons segment. The 
posterior segmental organs are absent. 

6. It is suggested that the posterior segmental organs in the different species of Soipuli- 
moi’plia are of thti nature of mixonephridia in which the nephridial part is r(‘dueed to varying 
degrees, while the anterior thoracic organs arc probably metanophromixia . 
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al. 

, . ascending limb of the thoracic 

ali. 

organ. 

. . alimentary canal. 

hg. 

basal granules. 

bv. 

blood vesstd. 

b.w. 

. . body wall. 

c.ep. 

coelomic epithelium. — 

cl. 

cilia. 

cm. 

circular muscles. 

ct. 

connective tissue sheath. 

dl. 

descending limb of the thoracic 


organ. 

dl.m. 

dorsal longitudinal muscles. 

ec. 

ectoderm. 

eg. 

excretory granules. 

ep. 

external pore. 

/. 

funnel. 

fb. 

. , fibrous sheath. 


ZiETTmilNO. 

f. cp. . . flume 1 epithelium. 

fc. . . fuimel canal. 

g. . . genital products. 

gLc. . . gland colls. 

Ini. . . longitudinal muscles. 

- lip of the funnel. 

Ittd. . . lumen of the gonoduct. 

md. . . median duct of the thoracic 
organs. 

nu. . . nucleus, 

nu.c. . . nucleolus, 

nc. .. nerve chord. 

ov. . . ova. 

St. . . septum. 

se. . . setae. 

VO. . . vacuoles. 

v.lni. .. ventral longitudinal muscles. 






studies on •cytochemistry of hormone action— 

PARTS I AND II. 
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Part I. Alkaline phosphatase in the ttropygial gland of normal and of 

ANDROGEN TREATED PIGEONS. 

Introdttctton. 

Selye (1943) observed that the uropygial gland in the fowl depressed under the 
influence of testoid compounds. Kar (1947) made an oxtensivo study of the 
relation of sex hormones to this sebaceous type of gland in the fowl. He showed 
that castration produced atrophic changes in the gland which, however, were 
prevented by replacement therapy with testosterone propionate. Ho further 
noted that testosterone depressed the uropygial gland of normal cockerels, but 
estrogen treatment failed to influence this gland. This ineffectiveness of estrogen 
was explained by the assumption that the female sex hormone failed to influence 
the uropygial gland of fowls with functioning testes. Recently, the validity of 
this assumption was tested by Kar (1949) with female Indian spotted munia, 
Urolonchapnnctulata (L.) as the experimental material. It was noted that estrogen 
treatment stimulated the urojjygial gland of this passerine species and thereby 
indicated the sex-specific nature of action of this hormone on the gland. • 

Montagna and Hamilton (1947) demonstrated that diffuse quantities of alkaline 
phosphatase were present in the sebaceous cells and the sebum of the golden 
hamster. In the glands of the ovariectoraized female the enzyme was absent, 
but it was restored on andorgen therapy. Since the uropygial gland in birds 
resembled the mammalian sebaceous glands both rnicroscopicahy and physiologically, 
it seemed desirable first to study the location and distribution of alkaline phos- 
phatase in this gland, and secondly to determine the effects of androgenic treatments 
on phosphatase activity in this sebaceous type of gland. 

Experimental. 

Female pigeons, 90 days old, were involved in this study. A total of 8 birds 
were used of which 4 wtwo injected intramuscularly with fx^stostcu’one proj)ionate 
(2*5 mgm. daily for 10 days) and the remaining 4 were left uninjected as controls. 
All the birds wore kept in cages under uniform husbandry conditions throughout 
the duration of the experimental period. 

The birds were autopsied on the day following the last injections. The 
uropygial glands were carefully dissected out, weighed to the nearest mgm. and 
fixed in cold 80% (5° to 10® C.) alcohol and in 10% formalin. After dehydration 
and imbedding in paraffin, serial sections were cut 6 microns in thickness. The 
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tissue fixed in formalin was stained in Mallory’s. The sections of the gland fixed 
in alcohol wore incubated in sodium glycerophosphate substrate (pH 9*5) 
according to the technique of Gomori (1941) for the demonstration of alkaline 
phosphatase. In order to increase the enzyme activity 0*01 M. magnesium sulfate 
was added to the substrate (Atkinson and Engle, 1947). The site of phosphatase 
activity in the tissue sections is marked by the deposition of cobalt sulfide in fine 
black or brown granules. No (^ounterstains were used in order to avoid obscuring 
these deposits. The sections were dehydrated and mounted in the usual manner. 

R INSULTS. 

CoNtroh . — The microscopical structure of the uropygial gland in the fowl has 
been described by Kar (1947). In general, the histological features of this gland 
in the pigeon agreed with those of the foAvl. The i)hosphataso was preseiit in diffuse 
quantities in the gland. The connectixo tissue forming the basement membrane 
of the alveoli showed negative reactions for the enzyme. In the blood vessels of the 
bastunont membrane the phosphatase was present only in the (uidotholium. The 
cuboidal cells underlying the alveolar wall showed maximal reactions for phos- 
phatase activity (PI. II, Fig. 1 ). Li the rest of the alveolar epithelium the enzyme 
activity was variable. In one or two layers of cells next to the cuboidal epithohum 
the enzyme reactions wore stronger in the nucleus while the cytoj)]asmic phosphatase 
activity was very low (PI. II, Eig. 1). Beyond these layers, the progressively 
degone renting cells showed very weak enzymatic reactions in th(^ cytoplasm The 
phosphatase activity in the nucleus of these cells was practically abseiit. 

A ndrogen /rca/me/d.-— Atrophic changes similar to those repoited in the uropygial 
gland of the fovl after androgen treatmcait (Kar*, 1947), w(u*e nohnl in the gland 
of tlu^ pigeons treat<Ml with testostcrom' propiorade. Th(‘ disintegrated cellular 
mass, characteristic of the ahooh of the atrophic; glands was pr sent in the cjcntral 
region of the alveoli (PI. II, Eig. 2). Idle l)as(unent/ membrane showed negative 
reactions for phosphatase activity. In the blood vessels the enzyme was re.stricted 
to the endothelium as in the control pigeons. In the cuboidal cells beneath the 
bu-sement memljrane there wa.s slight loss of phosphatase activity in the cytoplasm, 
wliile the nuclear enzyme activity was unafiected. In the rest of the alveolar 
epithelium the enzyme was practically absent from the cytoplasm of the component 
cells (PI. II, Eig. 2). The nuclear phosphatase, however, was present in tho cells. 
It is interesting to note that tho disintegrated cellular mass in tho central region of 
the alveoli showed slight reactions for the enzyme. 

Discussion . 

The present studies have clearly demonstrated tho presence of alkaline 
j)hosphatase in the uropygial gland of the pigeon. The enzyme is present in diffuse 
(jiiantities in the gland of tho normal birds. Androgenic treatments, however, 
depress the activity of the jdiosphatases, but do not abolish it, since appreciable 
amounts of the enzyme are present in the component tissues of the gland. The 
phosphatase concentration in tho uropygial gland of imtreated pigeons appears to 
bo in level with that of tho sebaceous glands in the golden hamster. In this 
mammalian species the enzyme is present in diffuse quantities in the sebaceous 
cells and the sebum (Montagna and Hamilton, 1947), The phosphatase disappears 
from the glands of castrated female hamsters, but is restored on replacement therapy 
with testosterone propionate. 

A question may now bo raised concerning the possible physiological role of 
alkaline phosphatase in the uropygial gland. It is well known today that diverse 
type of endocrine factors exist and that they selectively regulate’^ the normal 
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functioning of various spocific organs. A typical example of this diversity of 
endocrine function is provided by the hormonal control of the normal holocrine) 
cycle in the uropygial gland (Kar, 1947, 1949). Unfortunately we have next to no 
knowledge about the mechanisms by which the hormones exert their effects. 

Following the recent recognition that biochemical conversions are ccaitrollod 
by enzymes, the attention has been focussed upon the relationshi}) of the hormones 
to these regulatory mechanisms. A number of recent studies, for instance, have 
revealed a i*olationship between the endocrine status and the activity ol the phos- 
phatases. Atkinson and Elftrnan (1947) studied the mobilization by estrogen of 
alkaline phosphatase in tlio uterus of mouse; Talmago (1949) demonstrated the 
great increase in phosphatase activity in the entire genital tract of the rat after 
estrogen treatment; the enzyme dissapears rapidly from the uterus of rat. after 
hypophysectomy and is restored on replacement therapy with estrogen or pituitary 
])ow^der (Dempsey H al., 1949); the immature oviduct of juvenile pigeons show 
practically negative reactions for the phosphatase, but in birds of the same age 
treated with sex hormones the phosphatase activity is markedly increaswl in the 
hypertrophied oviduct (Kar, unpublished data); and many other examples in tlie 
same line may be cited. In the light of these findings, therefore, it now seems 
probable that the rolatieiiship between the phosphatases and the hormones has a 
causal significance. 

The present study adds a new instance in which tlK‘ alkaline phosphatase 
activity is shown fo be homionally controlled. Since tlu' jhosphatases play a vital 
role in the intermovliato metabolism of lipids (Deuipsey and Wislocki, 1940), it is 
not unlikely that the holocrine lipiodal metabolism in this typical avian gland is 
mediated by the enzyme through the influence of the gonadal hormone. The 
evidence in su[)port of thjjs concept is provided by the loss of phosjdiatase activity 
in the uropygial gland of andiogen treated pigeons. I'his decreased enzyme activity 
due to testosterone ])ro})ionate treatment is undoubtedly associated with the 
dist urbance of t h(' normal holocrine order and the consequent atrophy of the gland. 

Part II. The distribution and concentration of alkaline phosphatase in 

THE ovary of normal AND OF ANDROGEN TREATED PIGEONS. 

Introduction. 

The presence of alkaline phosphatase has been demonstrated cytochemically in 
the ovary of several species of mammals. In the pig, the dog, and in the human 
the thecal cells contain abundant phosphatase and those of the granulosum contain 
none (Corner, 1948). The condition is reversed in the rabbit, wKile in the rhesus 
monkey the enzyme is present in both the la} ers (Corner, 1944 and 1948). Alkaline 
phosphatase occurs ubiquitously in the ovary of the rat. It is demonstrable in the 
grafhan follicles, cor])ora lutea, interstitial tissue and the blood vessels (Dempsey 
et al,, 1949). The enzyme disappears from the ovary of h 3 poph 3 ^sectomized rats 
but is restored on replacement therapy wfth pituitary'^ powder. 

Since the presence of alkaline phosphatase has not hitherto been reported in 
the avian ovary, it seemed desirable first to study the distribution and concentration 
of the enz^yme in the ovary of normal pigeons, and secondly to note the effects of 
androgenic treatments on phosphatase activity in the gland. 


Experimental. 

The ovariQs of the same normal and androgen treated pigeons which were 
involved in^the experiment reported in the Part I of this series, were carefully 
^i8se^':4^out and fixed immediately in chilled 80% alcohol. Paraffin sections, 
6 microns in the thickness, were prepared and processed according to the technique 
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of Gomori (1941) for the demonstration of alkaline phosphatase. Sodium glyeero- 
phos]^hate was used as the substrate which was buffered to 9-5. The preparations 
were incubated in the substrate for 3 hours at No eounterstains were used in 

order to allow critical observation of the granular deposits of cobalt sulfide. The 
sections were dehydrated and mounted in the usual manner. 

Results. 

Controls. — There* was very little alkaline phos])hatase in tiie granulosa cells of 
the ovary. The endothelium of the vascular wreath situated in the theca showed 
strong reactions for the enzyme. Moderate phosphatase activity was evident in the 
nucleus of the thecal cells, while the enzymatic activity in the cytoplasm of those 
cells was negligible (PI. 11, Fig. 3). In the stroma, the endothelium of the blood 
vessels and the connective tissue cells showed phosphatase reactions, but the amount 
of enzymic in the intei’stitial cells was very slight. 

Androgen treatment.— Tho, ovary was greatly hypertro])hied after androgen 
treatmojit. The induced maturation of the oocytes and the marked stromal growth 
were evident upon microscopical examination. The ])hosphatase activity is the 
granulosa cells of the ovary was practically absent. ^^Therc^ was, however, a 
spe(?t acular mobilization of the enzyme in the theca (PI. II, Fig. 4). The nucleus and 
the (‘ytoplasm of the thecal cells as well as the endothelium of the blood vessels 
showed strong ])ositive reactions for the |)hosphatase. The niicjeus of the interstitial 
cells in the stroma showt^d slight phos]>hatase activity, but the enzyme' was totally 
absent from the cytoplasm of these cells. Moderate reactions for the phos])hatasc 
wT-rc given by the stromal connective tissue cells. 

Discussion. 

It is becoming imaeasingly evident that the hormones exert their regulatory 
effects on tissues and organs by influencing the rate of enzymatic ])rocessos. A 
number of recent studies have reveahHl a relationship between the endocrine 
functioning and the activity of t he ]>hosphatases (vide Dempsey ei al.^ 1949). These 
studies have clearly indicated the possibility that the relationship between tlu*. 
hormones and the jfliosphatases has a causal significance. Moreover, a series of 
investigations have proved beyond doubt that the phosphatases vary under difierent 
physiological conditions. 

In view of the above, it is not surprising that the distribut ifm and concentration 
of alkaline phosjjhatasc in the ovary of the ])igeon should diange after androgenit; 
treatments. It is well known that the injection of androgeii at a suitable level 
causes stimulatioji of the avian ovary (for references see Kar, 1948). The histo- 
logical consequences of this induced ovarian stimulation are the accelerated develop- 
ment of the follicular system and the marked stromal growth. To these, we add 
here an important cytochemical data, that is, the spectacular mobilization of alkaline 
phosphatase in the ovarian theca. 

The story of the attempts to locate the possible sites for the })roduc;tion of t he 
estrogenicr hormones is now one of the (ilassics of endocrinology. Efforts to collect 
and assay the various follicular components for estrogens showed that high con- 
centrations occurred in the - theca interna rather than in the granulosa (vide 
Dempsey, 1948). Moreover, it has been shown that lipid is a constant component 
of the theca interna (Dempsey, 1948). In view of these facts, it is not unlikely that 
the phosphatase [)lays some unknown role in the synthesis of estrogenic hormones 
in the ovary. The marked increase in the enzymatic activity in the ovarian theca 
of the testoid recipients provides an evidence in support of this concept. However, 
pending further studies little is to be gained by speculation concerning tiifsmossiblcv 
role of the phosphatases in the production of estrogenic hormones in the ovary. 
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Summary. 

Part I, — Alkaline phosphatase is present in diffuse quantities in the uropygial gland of the 
pigeon. Androgenic treatments depress the activity of* the enzyme but do not abolish it. It 
is suggested that the holocrine lipoidal cycle in this gland is mediated by tho phosphatase through 
the influonc'e of sex hormone. 

Part II . — In the ovary of the normal pigeons alkaline phos[)hatase is demonstrable in the 
thec^a, blood vessels, and the stromal tissue. Androgenic treatments cause a lieavy mobilization 
of the enzyme in the theca. Tho possible rOlo of alkaline j)hosphataso in the ovary is discussed. 
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Expt.anatign of Plate Tl 

Fig. 1. Photomicrograph of the sect ion tluough the uropygial gland of a control pigeon (X ‘!2e). 
Note the presence of alkaline ])ho9}>hatase in the alveoli. 

,, 2. Photomicrograph of the section thro\igh tho uropygial gland of a pigeon treated \\ith 

androgen (X 420). Tlie enzyme has practically disajipeared from the stratified epith<‘1inm 
of the alveoli. Note preseneo of disintegrated cellular mass in the central region of the 
alveoli. 

,, 3. Photomici’ograph of the solution through the ovary of a control pigeon showing the 

preseiwe or alkaline phosphatase (X 149). 

-*<Pho+' micrograph of the section through the ovary of an androgen treated pigeon (X 140;- 
.Note tho heavy mobilization of alkaline phosphatase in the theca of the hj pertropliied 
ovary. 
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Abstract. 


The luminoacenco S])ectra of some of the alkali halides, pure and impurity activated, under 
cathode ray excitation, have been investigated at ordinary and low temperatures. It has been 
found that pure specimens, which ai‘e n on-luminescent under ultraviolet excitation, emit a 
spectra composed of a number of ditfuse bands. The effect of different impui ities, when added 
to the molts or as mechanical mixtures, has been investigated in some of the cases; the effect of 
concentration on the lumine8(*once spectra has boon studied for the system Kl+Tl. Comparing 
the measuremout s with the ultraviolet luminescence spectra of impurity actiyated alkali halides, 
it is observed that jiart of the emission by ultraviolet excitation can be explained as that of jmre 
matrix emission which is obtained under X-rays or cathode rays. The existence of an emission, 
similar to that of TlCl, in the luminescence spectra of alkalihalides with high thallium content, 
indicates an identical environment for Thallium ions in these phosphors and in thallous chloride. 
Easy transfer of excitation energy between the centres, induced by X-rays or cathode rays, 
and those due to activators, occurs very frequently and it is suspected that activation of alkali 
halidos by Thallium is a case of indirect activation, foi that part of the spectrum, which is (“ommoii 
in the activated and pure alkali halides, under u.v. and X-ray or cathode ray excitation 
respectively. 

Pure alkali halides absorb in the far ultraviolet ; but several other absorption 
bands can be (*reated by incorporating foreign ions or by producing stoichiometric 
excess in the crystal. Irradiation with X-rays is reported to produce new 
absorption centres known as F, F\ i?i, i^-bands, etc. The origin and 

mechanism of these centres have been discussed by several authors, viz. Mott and 
Littleton (J938), Mott and Uurney (1940), Tibbs (1939), Seitz (1946). The 
existence of these centres in emission has not been proved as yet. In the case of 
impurity activated alkali halides, ultraviolet excitation yields comidicated emission 
spectra. [Hilsch (1937), Von Meyeren (1930), Pringsheim (1942, 1948). J 

Both X-rays and cathode rays excite the phosphors through the intermediary 
of photo-electrons, primarily released by the radiation. The luminescence spectra 
in either case are expected to be identical. Because of the high and white nature 
of the energies of the excited electrons, higher energy levels of the pure or disturbed 
lattice, if there be any, are expected to take part in the emission process, which 
may not be indicated by ultraviolet excitation. Besides, there is the possibility of 
obtaining spectrum of recombination type. 

Pure alkali halides, which are generally non-luminescent under ultraviolet 
radiation, can be made to fluoresce by X-ray excitation, the spectra consisting of 
several bands (P.R.S. dissertation, H. N. Bose, 1947). Because of the poor yield of 
luminescence under X-rays, it seemed possible that the full features of the spectra 
were not obtained there and the present investigation, on the luminescence spect;ra 
by cathode ray excitation, was undertaken in order to supplement the X-ray 
luminescence data, in spite of the fact that the samples are less stable imder such 
excitation. In j yiost cases, though not always, intensity of luminescence under 
cathodeMijf!?*"^^^ times greater than that under X-rays; at low temperature, 
iJMiiPlrtrasity is greatly enhanced. The discolouration of the sample also takes 
plaoeToauch more quickly resulting ultimately in great reduction in intensity ; the 
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spectra could, however, be photographed, in general, before any visible spoiling of 
the samples takes jdace. 

Experimental Technique. 

The const lucl ion of the demountable discharge tubes used in this investigation 
will be clear from Figure 1, The sample holder (lA) could be rotated to bring in 
diflerent surfaces of the sample holder under cathode rays, so that fresh surfaces 
could be used when necessary. The phosiihors were- rubbed directly on the flattened 
surface of tlie samjde holdei without any adhesive. For low temperatures, liquid 
oxygen could be ]ioured into the sample holder through the opening at the top 
which projects outside the discharge tube. A quaitz window is provided for in the 
wall of the discharge tube facing the sample The voltage of the tube could be 
varied bet vv('eii 5 k v to 10 k v 



(A) 


(B) 


Fia 1 

Cathode ray tube with sampl^ holder. 

Impurity activated samples were prepared by mixing a measured quantity of 
the impurity with the pure substance and melting the mixture in furnace at about 
900'' C for 15 minutes when the substance melts into a clear transparent homo- 
geneous liquid. Same conditions as regards annealing, etc. were maintained as far 
as possible. Three different typers of plates, viz. Ilford H.P. 3, Gevaert Pan and 
sensitized superchrome, were used in many cases; this is sometimes essential as 
characteristic spc(*tral sensitivity of the particular plate may distort the s]>ectrum 
in particular region as regards its intensity as well as its structure. Obviously the 
substances have been studied in high vaccuum so that spurious effects, if there be 
any, due to the water content of the hygroscopic samples or causes of similar nature 
were automatically eliminated. Dark discharge must be maintained during the 
experiment, by proper manipulation of the pressure, otherwise the ajipearance of 
molecular bands of the residual gas, specially that of nitrogen which are obtained 
with great ease at low temperature, may create (‘onfusion ; despite all precautions, 
atomic lines could not be avoided in some cases. These, however, could be used as 
reference lines in addition to the copper lines which have been usejJ for calibration. 
With a view to avoid all possible sources of error and confusion, ouA^_»;^experi- 
ments were, however, carried out without any ])hosphor on the sample^*V ’ 
under diflfereni steady conditions. 
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The measurements have been made on the microphotometric records but even 
then, it has been found that the extended nature of the emission spectra, producing 
a fiat type of microphotometric curve limits the accuracy of measurements to 
about ±20 A.U. The temperature of the bombarded sample is rather uncertain; 
this uncertainty of the temperature of the phosphors produces a change in some 
of the band positions, which further limits the accuracy of the measurements on 
the band maxima. 


Results and discussions. 

As in the case of X-ray excitation, alkali halides in the pure state, which are 
non-luminescent under ultraviolet irradiation, show fluorescence as well as 
phosphorescence under cathode rays. The luminescence spectra extend from 
extreme long wave-length of visible spectrum to ultraviolet region. The spectra 
consist of broad bands and are, in general, identical with those obtained by X-ray 
excitation; in some cases intensity distribution is diflercnt. On lowering the 
temperature of the phosphor, the intensity of luminescence is greatly increased ; but 
no decisive change in the positions and widths of the bands could be observed even 
when the temperature is changed from 30° C. to — 184° C. ; of course, it must be 
remembered that temperature of the sample under cathode rays must be somewhat 
uncertain. Changes in the relative intensity of the difierent bands are, however, 
observed. In the following discussion the spectra at low temperature ( — 184° C.) 
have been presented. 

Pure alkali halide phosphors. 

The diffuse bands, in general, superpose on each other to a great extent 
resulting in an extended spectrum with certain maxima; the measurements are 
shown in Table I, The extreme long wave-length band at A 6500 (approx.), which 
is obtained in all eases, is rather sharp compared to other bands ; it seems possible 
that the band actually extends into the infra-red region, and only a part of the band 
limited by the sensitiveness of the plate appears in the spectrum. The absence of 
the band in some cases, as shown in Table I, is due to the use of non-panehromatic 
plates ; but visual examination always reveals its existence in the spectrum. Some 
of the structures in the long wave-length part are not obtained with quartz 
spectrograph because of less dispersion and low transmission in this region. 

At low temperature colouration of the samples takes place very quickly and 
more intensely, release of electrons from the traps taking jdace less easily at low 
temperature. It is known that on intense exposure, deposit of alkali metal atoms 
takes place on the surface of the alkali halide crystals ; luminescence by cathode ray 
being rather a surface phenomenon, the penetration of excitation energy inside the 
coloured crystal does not take place to the same extent as in the case of unexposed 
ones. Besides, the different parts of the spectrum are absorbed to a difierent extent 
so that the spectrum presents an altered appearance, so fer as the relative intensities 
of the difierent bands, are concerned. In case of X-rays, excitation takes place 
throughout the entire volume of the crystals; this will probably explain the 
difference in behaviour in the two cases. The temperature effect on the luminescence 
spectra can also be partly explained in this way ; of course, the radiative mechanism 
at the individual emitting centres may be responsible too. In potassium bromide 
and potassium chloride the samples are coloured much more quickly and intensely, 
than in the case of others ; consequently in this case shorter wave-length parts of the 
spectra are very weak at room temperature and could not be obtained even at low 

temperati V i ' 7. "^ 

IT cue case of sodium bromide several sharp bands A 4130, 3940, 3740, 3570 A.U. 
fllf^oDtained only in the case of fresh samples while after exposure for some time 
4 



Exten-sions and prominent peaks of the luminescence spectra. 
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these separate band maxima disappear, yielding place to a continuous extension. 
It is not possible to explain this behaviour without more accurate knowledge about 
the nature of the emitting centres ; but it seems that continuous irradiation causing 
greater concentration of the emitting centres somehow modifies the nature of the 
particular centre ; the effect may also be due to an uncertain rise of temperature in 
the immediate vicinity of the bombarded ions. 

The mechanism of luminescence of pure alkali halides under X-rays or cathode 
rays is an involved process and the nature of the emitting centres obscure. It .must 
be admitted that, in spite of great precaution, the samples may still contain minute 
traces of impurities. But samples used have been found to show no luminescence 
under ultraviolet irradiation in the solid state or in solution. So the method of 
excitation appears to be responsible for the behaviour. Most of the work of previous 
workers on the luminescence sj)ectra of alkali halides, activated by impurities, 
deals with excitation by the wave-lengths of the new absorption region ; on com- 
parison it is found that the emission spectrum is, partly at least, composed of 
that due to the parent lattice, as obtained in the present investigation. Under 
X-rays or cathode ray excitation, energy is absorbed by the whole lattice so that 
fimission is mostly due to the transfer of excitation energy from the parent lattice 
to emitting centres through the intermediary of internal photo-electrons moving 
through the conduction band; emission due to the direct excitation of centres, as 
takes place in the case of ultraviolet excitation, is rather small in this case. The 
electrons from the conduction band are profusely trapped inside the crystal and 
phosphorescence is obviously due to the electrons leaking thermally into the excited 
states of the emitting centres. It thus seems natural to assume that emission is 
due to electrons falling into the excited states of the emitting centres from the 
conduction band. 

The exposure of alkali iialide crystals to X-rays or cathode rays is known to 
create several absorplion centres (F, F\ Ri, R 2 , etc.) which have been discussed 
and elucidated by Seitz (1946) ; occurrence of these centres in emission has not been 
('.stablislied ; besides, no systematic agreement of the present measurements with 
the absorj)tion data is obtaiiu'd, and the temperature dependence of the emission 
spectrum is not so wc‘ll marked as in the case of absorption bands. We are thus 
led to believe that the emission is due to centres possibly created by internal ionisa- 
tion due to X-rays or cathode ray irradiation such that the excited states of th(‘ 
centres lie very (4ose to the conduction band. It is interesting to note in this 
(connection that in the valence band sj>ectra of these compoimds (Das Gupta, 1947) 
in the soft X-ray region, several peaks are obtained ; if internal transition is assumed, 
some of the bands in the luminescence spectra may be explained. This mechanism 
is specially favourable for the emission of the long wave-length band at A 6600 
(approx.), for, the separation between the prominent peaks of the valence band is 
approximately 2 volts; further, this band decays so quickly that it could no^be 
detected in the afterglow emission. The afterglow is too weak for its spectnini to 
be recorded, but was examined visually only. 


hapurity activated alkali hulide phosphors. 

Luminescence spectra of some of the alkalihalides activated by thallium and 
other impurities have been measured and the measurements are given in Tables II 
and III. The spectrum is different from that obtained by excitation with new 
absorption bands created by activation (Von Meyer, 1930). It has been found 
that in many cases alkali halides under X-ray or cathode ray excitation, do not 
show the characteristic impurity band in emission which is Imown to be emitted 
when excited the absorption band due to the activator. 

Th'.j imptffities like Mn, Cu, U, Pb, Ag, etc. are well-known activators for 
w halides under ultraviolet excitation, the corresponding emission which may be 



Extensions and peaks of the lummescenee spectra of impurity activcUed alkali halides^ 
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of the characteristic or transfer t3rpe, occurring in each case. In the case of many 
of these phosphors, under cathode rays or X-rays excitation the characteristic 
impurity emission is absent in the luminescence spectra ; the luminescence spectrum 
of the parent lattice is obtained, altered in intensity and sometimes partly quenched 
by the impurities. In some cases, of course, additional emission bands appear but 
emission due to the unactivated sample is always present, though the intensity 
distribution of the spectrum is modified. Thus the luminescence spectrum of 
NaCl+0-01% of Cu is practically the same as that of pure sodium chloride. With 

TABI.B III. 


Lvmineacence spectra oj KI with impurities at room temperature with glass spectrograph. 



Kl-f U low % 

KI + U high o/^ 

Kl + Pb 

A.IT. 

e.v. 

A.U. 

e.v. 

A.U. 

e.v. 

Extensions 

6600-4700 

] •87-2*63 

6600-4700 

1-87-2-63 

6600-5200 

1-87-2-37 

Peaks 

6520 

1-89 

6520 

1-89 

6520 

1-89 


5920 

209 

5920 

2-09 

5920 

209 


6380 

2-30 

5380 

2-30 

5380 

2-30 


5240 

2*36 

6240 

2-36 


I 


4730 

2-61 

This peak 

is suppressed almost completely. 


a view to study the effect of impurities on the luminescence spectrum, samples of 
potassium iodide activated by Pb, U, Ag, Be and Mn were prepared and its 
luminescence spectra under cathode rays investigated. Although the effect of 
concentration has not been studied in all eases, it has been ibund, in general, that, 
unlike the case of ultraviolet excitation, the effect of impurity is not very pro- 
nounced at very low concentration of the impurity ; so moderately high concentration 
of the activators has been used throughout. 

The presence of Pb or U, results in a quenching of the emission spectrum on the 
short wave-length side; if the activator concentration is increased quenched region 
extends further on the longer wave-length side. The total intensity of luminescence 
is not increased perceptibly. In the case of KI+Be, the band with a peak at 
A 3420 A.U. becomes rather prominent without affecting the spectrum in any other 
way ; this band, though suspected in the emission of KI alone, is very weak so that 
it appears there only as an extension continuous with the preceding ones. Similar 
effect is obtained also in the case of KI+Mn and KI-fAg, in which, further, 
additional emission bands in the visible region are superposed on the emission due 
to KI alone, thereby obliterating the peaks in this region. The longest wave-length 
part of the emission spectrum, however, remains unaffected in all these cases. 

A large amount of work has been done by previous workers (Von Meyer, 1930, 
Pringsheim, 1942, Hutton and Pringsheim, 1948, etc.) on the emission and absorption 
spectra of Thallium activated alkali halides under ultraviolet irradiation. Some of 
these measurements are given in Table IV for comparison. The behaviour of single 
crystals containing small percentage of thallium concentration is not identical with 
that of powders containing higher concentration (Pringsheim, 1942). It is found 
that the luminescence spectra of alkali halides activated by thallium consist of a 
band obviously due to the activator in addition to the parent lattice emission and 
the relatf^: Intensities of the different bands in the spectra are modified by its 
It also seems obvious that part of the emission spectra generally assigned 
"to thallium, is obtained even for the pure alkali halides without any thallium. 




Tabus IV. 
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MIorophotomotric records of the liimitiosoenoe spectra of some of tho alkali halides under cathode rays. 

(or) NaCl-frTl 2*6%; (6) NaCH Tl mixt\ire; (c)t,NaBr. last band only is shown; (d) NaBr . Tl 2-6%; 
entire spectrum is given, the lost band beginning from the rtferenco lines orx the loft ; (e) KOI | Tl 2*6%; 
(/) KCHTlraixture; (g) KBrH-Tl 2*6%; {h) LiCl; (i) Nal; (j) Kt; (k) KT | Tl -1%; {1) KI ^Ti *5% ; 
(m) KI4 Tl 6%; (n) KI+Mn 6%; (o) KI; (p) KI^-U, low cone.; {q) KI+U, high cone. ; (r) KT -f Pb ; 
(«) TlCl ; figures (o) to (r) refer to room temi)erature with glass spectrograph. 
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Thallium bands are known to be highly sensitive to temperature (Von Meyer, 1930) ; 
so accurate agreement is not expected. 

The band due to thallium is obtained in NaCl+Tl and NaBr+Tl in the extreme 
short wave-length part of the spectrum. The same band is absent in the case of 
mechanical mixtures which yield spectra composed of independent mixture of thallous 
chloride and the halide. The luminescence sjjectrum of pure sodium bromide is 
characterized by a very strong band in the ultraviolet, extending continuously from 
A 3350 to 2500 A.U. (perhaps even beyond) ; with thallium, the short wave-length 
part of the band is quenched up to A 3000 and other bands with peaks at A 2780 and 
2600 A.U. are obtained; the si^ectrum in this region thus shows two distinct maxima 
with probable weak components. These are obviously the two peaks obtained in 
the luminescence spectrum of NaBr+Tl under ultraviolet excitation. At room 
temperature, i.e. 30° C., the shorter wave-length peak is the stronger of the two, 
while at -184° C., the longer wave-length maxima becomes more prominent. 

Seitz (1939, 1938) has described the mechanism of absorption and emission process 
of thallium activated alkali halides in terms of the energy levels of thallium ions modi- 
fied by lattice influence ; the absorption is due to the transition ^Sq g and ^Sq 

Apj while sPi, 2 occurs in emission. Working with powdered crystals Pring- 

sheira (1942) has observed that visible luminescence is also shown by those phosphors, 
specially with higher thallium content. Thus the mechanism suggested bj^ Seitz 
cannot explain the whole of the spectrum. The present measurements indicate 
that for NaCd + Tl and NaBr+Tl, only the shortest wave-length band should be 
taken as that due to thallium ions. Considering all these results, we are thus led 
to believe, for thallium activated alkali halides, that just as energy absorbed by the 
parent lattice is transferred to the impurity levels where recombination and emission 
occiurs, the excitation energy from the thallium centres may also be transferred to 
the emitting centres of the parent lattice. It seems that in NaBr+Tl, energy is 
transfeiTed to the thallium centres from a part of the excited st ates responsible for 
the short wave-lengtli band of sodium bromide ; and the amount of transferred energy 
depends on temperatuT'e. Thus this emission seems to be predominantly of the 
transfer type. The temperature dependence of the relatives intensity will depend 
also on the dissipative mechanism at each centre and its dependence on 
temperature. 

Such interdependence of the two emission bands makes us believe that the 
particular excited states of thallium is close to the excited states responsible for the 
extended band of sodium bromide and radiationless transition occurs from the upper 
part to the excited state of thallium. A possible energy level sc^heme is shown in 
Fig. 2. 

The behaviour ol’ thallium activated ]>otasHium c omjx^unds is somewhat different 
from those of sodium. In potassium chloride, bromide and iodide, identical 
spectra are obtained for mechanical mixtures and the phosphors prepared from 
melts. As has been shown b}^ Pringsheim, in these cases complex formation takes 
place very easily. On activation by thallium, the visible luminescence specially on 
the long wave-length side is considerably diminished in intensity for potassium 
bromide and chloride while the short wave-length part becomes more prominent; 
in both cases the band of shortest wave-length seems to bo due to thallium centres. 
In order to study the effect of thallium in detail, samples of KI+Tl phosphors 
were prepared with different conce]|^:rations and theii’ luminescence spectra 
investigated. At low concentration of thallium (up to 0-5%) the long wave-length 
bands A 5920, 5380, 5240, 4730 A.U. of the parent lattice, diminishes in intensity, 
while the short wave-length part of the spectrum increases in intensity, and band 
A 3420 A.U. (found also in the case of KI+Mn, KI+Be, etc.) becomes prominent. 
At higher concentration the short wave-length bands are gi^adually weakened, while 
the long wave-length bands are intensified. It is further found that at higher con- 
centration the emission due to pure thallous chloride is superimposed on the main 
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pattern; thallous chloride yields, under cathode rays, intense band systems in the 
visible region. It has been observed by Hutten and Pringsheim (1948) that thallous 
chloride in the presence of traces of moisture re-acts with potassium iodide. The 
present phosphor, therefore, contains traces of potassium chloride (according to 
Hutten and Pringsheim, traces of KCl is essential for the visible luminescence of 
KI-j-Tl under ultraviolet excitation). But the additional emission that is 
obtained at high concentration is that of thallous chloride. This indicates that 
most of the added material remains as such or in a configuration similar to that of 
thallous chloride. Besides, in the spectrum of KI+Tl, the intensity of visible 
luminescence is greatly increased possibly by the emission of a strong band in the 
blue region (peak at A 4200 approx.) ; exact measurement of this peak is not possible 
for, the superposition of this band on the emission spectrum of pure potassium 
iodide makes the band maxima indistinguishable. 

Unlike other alkali halides, in KI+Tl J^ere is no band in the ultraviolet which 
can be unequivocally assigned to Tl-centre ; increased visible emission is possibly 
due to complex formation and thallous chloride as such. In the case of KCl+Tl 
and KBr+Tl also an emission band at about (A 4500-4600) is suspected; it should 
be remembered that absorption due to F-centres in these crystals inay reduce the 
intensity of an emission band in. this region. Thus there is indication of an emission 
mechanism, which may be due to complex formation in the case of K-halide+TI, 
besides those in the case of Na-halides+Tl. The relative intensity of the band 
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system in the pure and thallium activated crystals may be explained by an energy 
level scheme similar to that suggested in the case of NaBr+TL 

Although the exact nature of the emission centres in alkali halides is still obscure, 
some general ideas can be obtained from the present investigation. Absence of 
luminescence by ultraviolet excitation indicates that the emitting centres are absent 
in pure crystals, and they are created by X-ray or cathode ray irradiation. In view 
of the fact that inclusion of foreign impui’ities results in an emission of X-ray or 
cathode luminescence spectrum of pure alkali halides in most cases, it is natural to 
suppose that the emitting centres are sometimes induced also by activation by 
impurities. Besides, easy transfer of energy takes place between the two types of 
centres in all cases ; since the samples are known to be non-conducting under these 
conditions, transfer of energy takes place either by quantum mechanical resonance 
process or by self-absorption. But as the same emitting centres are created by 
X-rays or cathode rays and impurity inclusion, it is natural to suppose that parent 
matrix emission is due to the energy states of the ions perturbed by the presence 
of the impurity ions and it is a case of indirect activation. Further the luminescence 
spectrum imder X-rays or cathode rays being due to the re-combination of free 
electrons from the conduction band with the different emission centres, only those 
centres which have excited states near to the conduction band, will be naturally more 
effective than those having excited states far below the conduction band. This 
may be the explanation why the impurities, which are very effective activators in 
ultraviolet excitation, do not play as important a role in the case of X-ray or cathode 
ray excitation. 

Our thanks are due to Prof. S. N. Bose, Khaira Professor of Physics, University 
of Calcutta, for facilities of work and the kind interest that he has taken during 
the progress of the work. One of the authors (Bose) acknowledges his grateful 
thanks to the National Institute of Sciences of India, for providing him with the 
I.C.I. Fellowship and a research grant for carrying out the investigation. 
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An impure form of sodium hexametaphosphate was prepared by T. ^ Graham 
(1833) and some of its simple properties were studied by G. von Knorre (1892, 1900), 
M. Berthelot and G. Andre (1897) and Tantar (1898). G. Tammann (1890, 1892) 
studied the conductivities of sodium hexametaphos})hate solutions in water 
and concluded that the hexametaphosphate showed conductivity differences 
characteristic of a dibasic acid. 

A detailed study in the })reparation and properties ol pure forms of sodium 
metaphosphate was carried out by P. Pascal (1923, 1924, 1932). According to 
him, sodium hexametaphosphate is best prepared by fusing the tri metaphosphate 
in small portions at a time in a jdatinum crucible to about 700®C. and rapidly cooling 
the fused mass by plunging the bottom of the crucible in cold water. Pascal (1924) 
also investigated qualitatively the complex forming properties of sodium hexameta- 
phosphate and found that its solutions dissolve calcium oxalate, decolorize ferric 
thiocyanate and prevent the coloration of uranyl salts by potassium ferrocyanide 
and concluded that these reactions are possibly due to the formation of the com- 
plexes, Na4[Ca(P03)e], Na8[Fe(P03)e], and Na4[U0i(P03)6]. 

A renewed and profitable interest in the hexametaphosphates was provided 
by the discovery of Hall (1934, 1935) that the sodium hexametaphosphate can be 
used as a very efiBcient water softener, because it has the power of sequestering 
calcium and magnesium ions probably due to the formation of the complexc^s of the 
type assumed by Pascal. The substance under the trade name of Calgon is now 
extensively used in water softening and for many other allied purposes (Rosenstein, 
1936). 

Thomson (1936) showed qualitatively that the complex forming power oi' th<‘ 
metaphosphato is not limited to alkaline earth ions only. 

O. Stelling and G. Frang (1941) studied nephelometiicaily the calcium ion 
sequestering power of sodium hexametaphosphate and (^ame to the conclusion that 
an equilibrium of the following type exists : 

[Na4PeOi8]’^ -f Ca++ ^ [NagCaPeOig]- +2Na+. 

Campbell and Sohenker (1946) carried out a polarographical study of the barium 
ion removal of the complex metaphosphates and arrived at similar conclusions. 

As the above account shows, no systematic attempt has been made to stud} 
by quantitative and physicochemical methods the nature and composition of the 
complexes formed by sodium hexametaphosphate with different ions. In view of 
the great technical importance of the substance in recent years, it was considered of 
interest to study the nature of these complexes by different methods. As a result 
of these investigations extending over a number of years, the nature and com- 
position of these complexes has been elucidated and moreover, many of them have 
been prepared in the solid state. 


VOU XVI— No. 1. 
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Experimental. 

A pure sample of sodium hexametaphosphate was prepared according to the 
method of Pascal (1923). Microcosmic salt, NaNH4 HPO4, 4H2O (Merck Extra 
Pure qualit}^) or mono-sodium di-hydrogen phosphate (Kahlbaum Proanalysi 
sample) was slowly heated to red heat in a platinum crucible, till the evolution of 
ammonia and water vapour stopped. The temperature was now gradually raised 
to about 700°, when the whole mass melted to a clear transparent liquid. The 
transparent liquid was kept at this red heat temperature from four to six hours and 
then it was suddenly cooled by dipping the bottom of the crucible in ice cold water, 
when the liquid solidified to a transparent vitreous mass. Small amounts of the 
glassy substance thus obtained were again fused as in the above procedure and 
then suddenly cooled. The small amount of the metaphosphate ensures a rapid 
cooling of the inner layers of the glass also. The pure hexametaphosphate thus 
prepared was kept in a desiccator over concentrated sulphuric acid. It has been 
observed during the course of these studios that the hexametaphosphate thus 
produced does not show any alteration in its properties over a period as long as 
ten to twelve months. The substance was powdered finely and dissolved in con- 
ductivity water. The substance though quite soluble has a low velocity of solution. 

Properties of the sodium hexametaphosphate , — ^The molecular weight of the 
sodium hexametaphosphate thus prepared was determined by lowering of the 
freezing point method and showed a value of the order of 640, after applying the 
correction due to ionic dissociation in aqueous solution. 

A 5% solution of the substance was prepared in water and the reactions with 
the metallic salt solutions were observed. Solutions of soluble salts of calcium, 
strontium, barium, magnesium, zinc, manganese, lead, aluminium, beryllium, 
lanthanum, thorium, zirconium and cerium gave white gelatinous precipitates with 
the hexametaphosphate solution, but in all the above cases the precipitate thus 
formed dissolved in excess of sodium hexametaphosphate. The hexametaphosphate 
solution reacted with ferric and uranyl ions also in such a way as to suppress the 
tests of these ions altogether so that they gave no coloration with thiocyanate and 
ferrocyanide respectively. 

As demonstrated by the above reactions, the sodium hexametaphosphate has 
got a sufficiently strong tendency of sequestering calcium, strontium, barium, lead, 
iron and other ions. This tendency is also exhibited by its property to dissolve 
insoluble salts — calcium oxalate, strontium carbonate, barium sulphate and lead 
sulphate. Similar to the reactions postulated by Pascal (1923) and other workers 
for the dissolution of calcium salts and sequestration of calcium ions, the reactions 
responsible for the dissolution of the above insoluble salts may be represented by 
the following equations : 

(i) Nao[Na 4 (P 03 ) 6 l+BX ^ Na 2 [Na 2 B(P 03 ) 6 l+Na 2 X ; 

(ii) Na.[NaoB(P03)6]+BX ^Nao[B2(P03)fil-f Na2X 

(where BX stands for CaC204, OaCOs, SrCO^, SnS04, BaCOg, BaS04, or PbS04). 

The extent to which the various insoluble salts will go into solution will depend 
on the 'instability constant’ of the complex ion formed and also on the solubility 
product of the sparingly soluble salt itself. If the above scheme represents the true 
state of affairs, then on the addition of an insoluble substance like calcium oxalate, 
the complex sodium calcium hexametaphosphate is formed and the calcium oxalate 
is replaced by an equivalent amount of soluble sodium oxalate. Therefore, the 
specific conductivity of the mixture should show an appreciable increase as the 
reaction proceeds forward and this increment in conductivity will give a measure of 
the amount of sodium oxalate that has gone into solution and consequently of the 
calcium oxalate dissolved. 

In the following Table 1 are recorded the conductivities of sodium hexameta- 
phosphate solutions at various dilutions at 30*0 °C,, 26'0°C. and 20*0°0. and in the 
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Tables 2 and 3 are given the conductivities of these solutions when saturated with 
insoluble salts of calcium : — 

Table 1. 


Concentration of the 
Nae(P 03 )o solution. 

Conductivities at 
30*0® C. 

Conductivities at 
25-0° C. 

Conductivities at 
20-0“ C. 

Specific. 

Molar. 

Specific. 

Molar. 

Specific. 

Molar. 

M/8 

0-01946 

156-2 





M/16 

001116 

178-6 





M/32 

0-00598 

191-3 

0-004970 

159-0 



M/64 

0-003230 

206-7 

0-002708 

172-8 

0-002^5 

145-0 

M/128 .. 

0-001749 

223-9 

0-001451 

185-6 

0-001284 

164-1 

M/256 

0-000968 

247-9 

0-000790 

202-2 

0-000708 

181-2 

M/512 

0-000509 

260-8 

0-000428 

219-1 

0-000382 

195-8 

M/1024 .. 

0-0002765 

283-1 

0-0002375 

242-7 

0-0002034 

208-3 

M/2048 . . 

0-0001557 

318-8 

0-0001320 

270-0 

0-0001117 

228-8 

M/4096 . . 

0-0000890 

364-4 

0-0000736 

301-5 

0-0000606 

249-0 

M/8192 .. 

0-0000488 

399-7 

0-0000409 

332-5 

0-0000336 

275-5 


Conductivities of sodium hexametaphospJiate solutions when shaken with sparingly 
soluble salts of calcium. — As stated earlier, the extent of dissolution of the sparingly 
soluble (or so-called insoluble) calcium salts for example calcium carbonate and 
oxalate can be found out by the increment in specific conductivity shown by 
hexametaphosphate solutions when shaken to saturation with these insoluble 
salts. For this purpose, conductivities of sodium hexametai)hosphatc solutions were 
carefully measured and then they were shaken in Jena bottles with pure calcium 
carbonate and calcium oxalate. The conductivities of these suspensions were 
measured daily and it was found that the conductivities observed after 3 days differed 
from those on the next (4th) day by less than 1% in general and hence, this value 
was taken as the saturation value. During the investigation, blanks were per- 
formed by measuring the conductivities of hexametaphosphate solutions after being 
allowed to stand alone under identical conditions for 4 to 5 days and it was found 
that these solutions generally did not show a variation in conductivity greater 
than 1 to 2%. This small difference was ignored and the original conductivities of 
hexametaphosphate solutions were taken as constant. 

Table 2. 

Specific condvctivities at 25'0° C. of sodium hexametaphosphate solutions when alone and when 
shaken with calcium carbonate and calcium oxalate. 


Concentration 
of Nae(P 03 )e 
solution . 

Sp. Cond. 

of the 
solution 
alone. 

Sp. Cond. of 
the solution 
when saturated 
with calcium 
carboixate. 

Sp. Cond. of 
the solution 
when saturated 
with calcium 
oxalate. 

M/f28 

0-001454 

0-002710 

0-002645 

M/256 

0-000796 

0-001498 

0-001420 

M/512 

0-000430 

0-000826 

0-000820 

M/1024 

0-000237 

0-000537 

0-000513 

M/2048 

0-000132 

0-000293 

0-000280 

Water 

1-2 xlO-* 

3-21 xlO”® 

1-58x10“^ 
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Table 3, 

Specific conductivities at 30 ' 0 ° C. of sodium hexofnetaphosphate solutions when alone and when 
shaken with c-alcium carbonate and calcium oxalate. 


Concentration 
of Nae(P 03)6 

Holution . 

Sp. Cond. 
of the 
Holution 
alone. 

Sp. Cond. of 
the solution 
when saturated 
with calcium 
carbonate. 

Sp. Cond. of 
the solution 
when saturated 
with calcium 
oxalate. 

M/4 

0 03340 

0-05130 


M/8 

0-01950 

0-03350 


M/16 

001120 

0*01860 


M/32 

0*00592 

0-00996 


M/64 

0003241 

0-005563 

0-664648 

M/128 

0-001740 

0-003432 

0-003243 

M/266 

0-000961 

' 0-001931 

0-001798 

M/512 

0-000506 

0-001098 

0-001047 

M/1024 

0 0002791 

0-0006096 

0-0006067 . 

M/2048 

0 0001562 

0-0003393 

0-0003346 

Water 

i^xio-® 

3-6x10-''^ 

1-9x10-* 


Discussion. 

As stated above, the mechanism of the dissolution of calcium carbonate and 
oxalate has been postulated as : 

Na 2 [Na 4 (P 03 ) 6 ]+CaC 03 Na2[Na2Ca(P03)6] +Na2C08 ; 

Na2[Na4(P03)e]+CaC204 ^ Na2[Na2Ca(P03)6]+Na2C204. 

Putting the above equations in the ionic form, the mechanism may be 
represented by the following equation ; 

[Na4(P08)e]* +CaX ^ [Na2Ca(P08)6]’= +2Na++X», 

(where X*= stands for carbonate or oxalate ion). 

The equilibrium of the above reaction, i.e., the extent to which the insoluble 
salt goes into solution would depend upon the following factors : 

(1) Instability constant or the stability of the complex ion formed. — The factor 
would determine the concentration of calcium ions that arises from the secondar}^ 
dissociation of the complex ions : 

[Na2Ca(P08)e]== Ca+ + -f-lNagCPOa)^ . 

(2) Solubility product of the sparingly soluble salt. — As shown by the mechanism 
assumed above, each molecule of the insoluble salt dissolved is replaced by a mole 
of its anions. These anions will be in equilibrium with the calcium ions, arising 
from the secondary dissociation of the complex ; 

Ca++4-X-~ ;F^CaX. 

So, the dissolution of the sparingly soluble salt will stop at the stage when the 
ionic product of calcium ions and the anions is equal to the solubility product of 
the salt dissolved. Thus, in addition to the instability constant of the complex 
formed, the solubility product of the insoluble salt will also control the extent of 
its solubility. For example, calcium carbonate has got a greater solubility product 
than calcium oxalate. So, a greater concentration of carbonate ions will be required 
than that of oxalate ions, before the solubility product of the corresponding 
insoluble salt is exceeded. Hence, in the same concentration of sodium hexameta- 
phosphate solution, calcium carbonate will dissolve to a greater extent than calcium 
oxalate (the solubility being measured in moles of the salt). 
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(3) The dilution of the sodium hexametaphosphate solution , — If the reaction 
represented by the above equation goes to completion, the molai' concentration of 
the anions of the insoluble salt (appearing in the solution as a result of the dissolu- 
tion with complex formation) would be equal to the initial concentration of the 
sodium hexametaphosphate solution. Thus, as the dilution of the hexametaphos- 
phato solution is increased, the concentration of the anions brought into solution 
as a result of complex formation decreases. Hence, the reaction would have a 
greater tendency to go to completion in the more dilute solution, as the resulting 
concentration of the anions being less, there would be a lesser possibility of the 
solubility product of the insoluble salt being exceeded. 

Assuming that the specific conductivity of the complex, Na2[Na2Ca(P03)e], is 
of the same order as that of the simple sodium salt, Na2[!Na4(P08)6]> l^he increase 
in specific conductivity that occurs when a sodium hexametaphosphate solution is 
shaken with calcium carbonate or oxalate may be ascribed to the sodium carbonate 
or sodium oxalate formed plus the specific conductivity of a saturated solution of the 
sparingly soluble salt. This j^rovides us with a method of finding the concentration 
of sodium carbonate or oxalate formed in the above cases and thus testing the 
accuracy of the supposed mechanism and also the correctness of the dependence of 
the reaction on the various factors enumerated above. To enable us to apply the 
test at least qualitatively, we have to introduce another approximation, that the 
solutions are sufficiently dilute so that the conductivity of a mixture might be taken 
equal to the sum of the conductivities of the constituents. On the basis of these 
assumptions, the increment in specific conductivit}^ which may be ascribed to the 
sodium carbonate or oxalate formed, can be calculated easily by deducting the 
specific conductivity of a saturated solution of the sparingly soluble salt from the actual 
measured increment in the specific conductivity. In the following Table 4 is given, 
on the basis of the data recorded in the Table 2, this calculated increment of specific 
conductivit}^ ascribed to the sodium carbonate alone formed as a result of the dis- 
solution of calcium carbonate in a given solution of the sodium hexametaphosidiate. 
Now, as shown above, if the reaction goes to completion, then the concentration of 
sodium carbonate formed would be the same as that of the sodium hexametaphos- 
phate itself'. Therefore, for comparison is given in the last column of the Table 4, 
the specific conductivity of a solution of sodium carbonate of the same concentration 
as that of the hexametaphosphate started with. The close parallelism of the 
figures in the last two columns of the table indicates the (correctness of the assumed 
mechanism. 

The Table 5 records the (?orresponding data when calcium oxalate is used in 
place of calcium carbonate. 

4. 


1 

2 

3 

4 

5 

6 

Cone, of 
hexameta- 
phosphate 
solution. 

Sp. Cond. of 
the solution. 

Sp. Cond. 
when saturated 
with CaCOg. 

Sp. Cond. 
of a saturated 
CaCOg 
solution. 

Sp. Cond. 
of Na 2 C 08 
formed 
(3—2—4). 

Sp. Cond. of a 
NagCOj 
solution 01 the 
same strength 
as the hexa- 
metaphosphate 
solution . 

M/128 

M/266 

M/612 

M/1024 

M/2048 

0*001464 

0000796 

0-000430 

0-000237 

0-000132 

0-002710 
0-001498 
0-000826 
0-000637 i 
0-000293 

0-000032 

0-000032 

0-000032 

0-000032 

0-000032 

0*001224 
0-000670 i 
0-000364 
0-000266 
0-000129 

0-001423 

0-000824 

0-000436 

0-000227 

0-000117 
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Table 5. 


1 

Cone, of 
hexameta- 
phosphate 
solution. 

2 

Sp. Cond. of 
the solution. 

3 

Sp. Cond. 
when saturated 
with CaCgO^. 

4 i 

Sp. Cond. j 
of a saturated 
CaCgO^ 
solution . 

6 

Sp. Cond. 
of NajC 204 
formed 
(3—2—4). 

6 

Sp. Cond. of a 
N'a 2 Cg 04 
solution of the 
same strength 
as the hexa- 
metaphosphate 
solution. 

M/128 

0*001464 

0*002646 

0*000016 

0*001176 

0*001688 

M/266 

0*000796 

0*001420 

0*000016 

0*000608 

0*000841 

M/612 

0*000430 

0*000820 

0*000016 

0*000374 

0*000433 

M/1024 

0000237 

0*000613 

0*000016 

0*000260 

0*000233 

M/2048 

0*000132 

0*000280 

0*000016 

0*000132 

0*000119 


A comparison of the data in the last two columns of the Tables 4 and 5 
shows that the concentration of sodium carbonate or the sodium oxalate formed 
as a result of the dissolution of calcium carbonate or oxalate in sodium hexameta- 
phosphate solutions is generally of the same order as that of the hexametaphosphate 
itself*. Thus, the experimental data support the assumed mechanism. The data 
also show that the difference between the experimental and theoretical values 
(columns 6 and 6) is, in the more concentrated solutions, much less in the case of 
calcium carbonate than in the corresponding case of calcium oxalate. A more 
detailed and quantitative account of these differences will be given in a subsequent 
communication. Moreover, a perusal of the data in the Tables 4 and 5 clearly 
shows that both in the case of calcium carbonate as well as oxalate, the reaction 
does not go to completion in the more concentrated solutions but as the dilution of 
the hexametaphosphate solution is increased, the reaction goes to completion or 
even slightly overshoots the mark. Whether this tendency for the reaction to 
proceed to the second stage also in the case of calcium salts is real or is only 
apparent and really due to the approximations made in the j)resent study, would 
be decided only on more quantitative work. However, at least the correctness of 
the assumption, that the solubility of the insoluble salt in moles of the salt dissolved 
per mole of the hexametaphosphate increases with the dilution of the hexameta- 
phosphate solution, is established on the above data. 

Thus, the increments in specific conductivity which the sodium hexametaphos- 
phate solutions exhibit when shaken to saturation with calcium carbonate or oxalate 
are mainly due to the following reaction : 

[Na 4 (P 03 )e]“+CaX [Na 2 Ca(P 03 ) 8 ]=+ 2 Na-*'+X=. 

In the following parts of this series will be published more quantitative results 
obtained by different physico-chemical methods to support and further elucidate 
the mechanism assumed above. 

Summary. 

1. The preparation and properties of pure sodium hexametaphosphate has been described. 

2. The conductivities of tlie sodium hexametaphosphate solutions have been moastired and 
its power of forming complex ions with Ca++, Sr+-f, Ba++, Pb++, Mg++, Be++, Zn++, 
Fe+ + -t, (UOg)++ and other ions has been demonstrated qualitatively. 

3. A study of the mechanism of the dissolution of calcium carbonate and oxalate by the 
sodium hexametaphosphate has been made by measuring the increments in specific conductivity 
which the solutions of sodium hexametaphosphate exhibit when shaken to saturation with 
these sparingly soluble salts and from these studios, it has been concluded that the dissolution 
is due to the formation of complex salts according to the following equations ; 

Na6(P08)e 4- CaCOa^Na^CCaCPOalel + NagCOa and 
Nao(P08)a + CaC80^^Naj;Ca(P08)e] + 
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STUDIES IN HEXAMETAPHOSPHATES: PART II. 

A Study of the Complexes Formed by Sodium Hbxameta phosphate with 
Strontium, Barium and Lead Ions by Conductivity Data. 

By R. C. Mehrotba and N. R. Dhar, Chemical Laboratories, The University of 

Allahabad, Allahabad. 

{Received October 10; read November 26, 1949.) 

In an earlier communication (Mehrotra and Dhar, 1949), it has been shown 
that when sodium hexametaphosphate solutions are shaken with sparingly soluble 
salts of calcium, then the mixture shows an appreciable increment in spticific 
conductivity. From the ordc^r of the increments in si)ecific conductivities, it has 
been concluded that the dissolution of insolubU’! calcium salts in sodium hexaimda- 
phosphate solutions is due to the following reaction: 

NagiPOale+CaX ^ Na 4 [Ca{P 03 ) 6 ]+Na 2 X. 

The extent, to which the reaction proceeds forward has been shown to dejieiivl 
upon (1) the instability (constant of the complex ion formed, (2) the solubility 
product of the sparingly soluble salt used, and (3) the dilution of the hexameta- 
phosphate solution. 

The present communication records the results of similar investigations carried 
out with the sparingly soluble salts — sulphates of strontium, barium and lead. 

Experimental. 

Bodium hexametaphosphate solutions were prepared as described in the earlier 
communication and aftcT measuring their specific conductivity, the solutions were 
shaken with strontium suli)hate, barium sulphate and lead sulphate. The mixtures 
were shaken vigorously from time to time and were allowed to stand at the room 
temperature. The specific conductivities of the mixtures were measured on 
successive days and when the conductivities did not show a variation greater than 
1 to 2%, the values were taken as constant. It was observed that the solutions of 
hexametaphosphate became saturated with strontium and lead sulphates in about 
3-4 days, but it took about b to 7 days for the solution to get saturated with barium 
sulphate. 

Table 1. 


Specijic conductivities at 22 5° C. of sodium hexafnetaphosphate solutions when alone and when 

saturated with strontium sulphate. 


Cone, of sodium 
hexametaphos- 
phate solution. 

Specifie Conductivity 
of the 

lioxametapliospha t e 
solution alone. 

Specific Conductivity 
of the solution 
when shaken with 
strontium sulphate. 

M/64 

0*002486 

0 004731 

M/128 

0*001322 

0 0029 10 

M/266 

0*000746 

0*001772 

M/512 

0*000403 

0*001070 

M/1024 

0*000213 

0*000613 

Water 

1*2x10-® 

0*0001 40 
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Table 2. 

Specific conchictiviftes at 30-0° (J. of sodiu'in. hexanictaphosphate solutions when alone and when 

* saturated with strontium sulphate. 


Cone, of sodium 
he^xamotaphoB- 
phat© solution. 

Spoeific Condueiivity 
of tho 

lioxamotnpliospliato 
solution alone. 

Specifi(5 Conductivity 
of the solution 
when shaken with 

Btrontiuin sulphate. 

M/32 

0 005906 

0-00940 

M/04 

0-003220 

0-005970 

M/12S 

0-001740 

0-003540 

M/2r)0 

0-000904 

0-002090 

M/512 

0-000507 

0-001162 

M/1024 

0-000270 

0-000751 

V^■ater 

J-3 X 10 

0-000171 


Table 3. 

Specific conduc twitiesat 22‘5° C. of sodium hexametaphosphaie soiutions u'hen alone and vdien 

saturated with lead sulphate. 


Cone, of sodium 
hexametaphos- 
phate solution. 

Specitic Conductivity 
of the 

hexametaphosphat© 
solution alone. 

Spocilic Conductivity 
of the solution 
when shaken with 
load sulphate. 

M/64 

0-002486 

0-004981 

M/128 

0-001322 

0-002990 

M/256 

0-000740 

0-001767 

M/512 

0-000403 

0-001198 

M/1024 

0-000213 

0-000652 

\^'atBr 

1-2x10“® 

0-000051 


Table 4. 

Specific cond^wtivities at 20‘0° C. of sodium hexametaphosphafe solutions when alone and when 

saturated with lead^ sulphate. 


Cone, of sodium 
hexaniotaphos - 
phate solution. 

Specific Conductivity 
of tho 

hexametaphosphat© 
solution alone. 

Specific Conductivity 
of tho solution 
when shaken with 
lead sulphate. 

M/128 

0-001291 

0-002880 

M/256 

0-000710 

0-001662 

M/512 

0-000384 

0-001170 

M/1024 

0-000204 

0-000639 

Water 

1-3x10“® 

0-000044 
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Table 5. 

Specific conductivities at 22’6^ C, of sodium hexametaphosphate solutions when alone and when 

saturated with barium sulphate. 


Cone, of sodium 
hexametaphos - 
phate solution. 

Specifiic Conductivity 
of the 

hexametaphosphate 
solution alone. 

Specific Conductivity 
of the solution 
when siiaken with 
barium sulphate. 

M/64 

0*002486 

0*003031 

M/128 

0*001322 

0*001823 

M/256 

0*000746 

0*001242 

M/612 

0*000403 

0*000788 

M/1024 

0*000213 

0*000439 

Water 

1*2x10”® 

7*3X10”® 


A perusal of the conductivity data in the Tables 1 to 5 shows that the main 
reaction in the case of strontium and barium sulphates might be represented by 
the following equations : 

Na6(P03)e+BaS04 ^ Na4[Ba(P03)e]+Na2S04 ; 

Nae(P03)6 + SrS04 ^ Na4[8r(P0^;6]+Na2S04. 

However, as discussed in the earlier communication, the reaction goes forward 
to a greater extent in the case of strontium sulphate (solubility product == 2*8 X 10 “'^) 
that in the case of barium sulphate (solubility product = I* 2 xl 0 "i 0 ). Moreover, 
in every case the reaction goes forward to a greater extent as the dilution of the 
hexametaphosphate solution is increased. In the case of lead sulphate, however, 
the reaction has a tendency to go to a stage further as represented by the following 
equations : 

Na6(P03)6 +PbS04 ^ Na4[Pb(P03)6]+Na2S04 and 

Na4[Pb(P03)6]+PbS04 ^ Na 2 LPb 2 (P 03 ) 6 ]+Na 2 S 04 . 

Further work has confirmed the mechanism assumed above. 


Summary. 

1. The conductivities of solutions of sodium hexametaphos^ihate of varying strengths 
have boeri measured first alone and when saturated with sulphates of strontium, barium and 
lead. 

2. It has been observed that the specific conductivities shows a very large increment when 
the solutions are shaken with these insoluble salts. 

3. From the order of these increments in specific conductivities, it has been concluded that 
the strontium, barium and lead sulphates dissolve in the sodium hexametaphosphate solutions 
with the formation of the complex salts — Na 4 Sr(POj) 6 , Na 4 Ba(P 03 )e and Na 4 pb{rO 8 ) 0 . How- 
ever only in the case of lead, there is a marked tendency of the reaction to go to a stage further 
with the formation of the complex^ — Na 2 Pb 2 (P 08 ) 6 * 
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ON THE NORLTTND SUMMABILITY OF DERIVED FOURIER SERIES. 


By B. N. Prasad and J. A. Siddiqi. 


(Received May 31 ; read August 5, 1949.) 


1.1. Let/(x) be a function integrable in the sense of Lebesgue and periodic of 
period 27r. Let the Fourier series associated with f(x) be 

OP 

^ 0 *+* 2 n.r-f6„ sin nx). . , . . . . (1) 

« = i 


Th(^ derived aeries of the Fourier aeries is 


2 n{bn coH nx— a, ^ sin nx). ,, .. (2) 

«= 1 

It is well known that the derived series may not itself be a Fourier series. 

The (O, r) summability of the series (2) corresponding to a function f(x) of 
bouiKled variation has been considered by Young (1914) and M. Riesz (1923;. 
They have proved : 

A. The derived aerif^s corresponding to a function /(a?) of bounded variation 
is atimmablc (O', r), 0 < r ^ 1 to f{x) at the point x for which 

•J 0 


where x(^) » for almost every x. 

Hille and Tamarkin (1932) have extended the scope of this theorem by applying 
to the derived series the method of Norlund summability which, as known, includes, 
as special cases, the method of Ces^ro summability. 

If we remove the restriction that /(a;) is of bounded variation in (— tt, tt), then 
the theorem A as well as that of Hille and Tamarkin break down. The (O', r) 
summability of derived series when f(x) is not necessarily a function of bounded 
variation, has been conBidered by Lebesgue (1905), Privaloff (1919), and Young 
(1914). They have proved the following theorem: 

B . At every point x, where 


fix) = lim 

* A-vO 


f{x+h)-f(x-h) 

2h 


exists and is finite, the derived series (2) is suramable (C, r), r > 1, to the value /'(a;). 

The corresponding result for the case of Norlund summability has been 
obtained by Astrachan (1936) who proved : 

C. A regular Norlund method of summation (N, pj sums the series (2) to 
f(x) at all the points at which 


fi^) - 


lim 


f(xA-h)—f(x—h) 

2h 
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exists and is finite, if the generating sequence satisfies the following con- 
ditions : — 

(i) w>|A^-V»l = 0(P,) {j=l,2); 

n 

(ii) 2 j A'" V* I = 0(P„) ( j = 1, 2, 3 ; w = 0, J ) ; 



The theorem B has been still more generalized by Chen (1929) who has 
established the following theorem : 

D . At every point x, where 


0 


where xW ^ /'(a;), the series (2) is summable (C, r), r > 1 to 
the value /'(a;). 

The object of this paper is to extend still further the scope of summability of 
tlie derived Fourier series by applying the more general method of Nbrlund sum- 
mability. We prove the following : 

Theorem. A regular Norlnnd method of summation {N , p„) sums the derived 
series. 


n = l 


cos nx--a^ sin nx) 


to f'(x) at every point x at which 

XoW = 1 ' I x(«) I dn = o(t), 

’ 0 

where x(l) ^ — if the generating sequence (pA satisfies the 
following conditions : — 


(I) 2iAp,\~o(^y. 

(II) 2 = 

(m, ^ 


It is evident that this theorem includes the previous theorems B, C and D. 

1.2. In §2.1 to §2.3, we give the main proof of the theorem. It will be 
noted that this proof involves the help of a number of results whose proof, for the 
sake of convenience, will be given separately in the shape of lemmas. 

2.1. Proof. In what follows we shall suppose that the sequence (p„) satisfies 
the conditions (I) to (III) of the above theorem. 

TB 
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The A;th term of the series (2) is 


1 

TT 


{f(x+t)--‘f(x~-t)} k sin kt dt, 


and hence the nth generalized regular * Norlund mean is 
N 


since 


'» ["/(a^). ?'•']=” [ {/(* + 0— /(*— 0} ^ 2 Pn-k (k sin kt) fit 

if” 1 " 

= - x(<) • p 2 

j Q * /f *= 0 

1 

^•-p ^ {k sin kt) 


2r{x) 


dt. 


Now 


cos kt dt 


1 ^ 

r « 1 ” 

= F 2 + f2^”- 

n 1 ” 

= — ^ 2 (— 1)*+ ’^ + 2 

” /{^) Jo” 

_ V „ 1 — (— 1 )'“+^ . _ . r 1 V D sinfci"]" 

-“p:, 2^"-* — 2 — +"+!?; 2 

' “ ^ " k^l ^0 


Aj= 0 

TT n ( — 1) 


2 2 P, 




n 

- 2 y*(-])*+o(i) 


/f= 0 


At-0 

by virtue of lemmas 1 and 2. 
Hence 


2 and I P, I -». 00 , 


■'TT n 


' k^O 


* A Norlund mc'tliod of Bummntion (N, is said to bo regular if the following conditions 
are satisfied : 


(i) pn ^ 0{Pn), 


(«) £ \PM]=0{Pn). 

AarrO 
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In order to prove the theorem we have to show that the right-hand side 
integral is o(l ), as n oo , under the conditions of the theorem. 

Putting 


we get 


2.2. Now 


Nn{t) 


L = l' 

7T 




k eos hi, 




•TT n 

0 ” 


(It 


' 0 

1 


•r 

^ <1 

( •n ^•n \ 

+ + U(o.iV'„(/.)rf/ 

*'(1 • 8 / 
n 

= — (7>j + L2+I'3)> 


H-i 








/'f 

= ol r 

0 

= o^w 


) 


= O («Xo (»"’)) 

= o(l), as n~> 00 , 

since tN'„(t) = 0(n), for all < such that O ^ g 
It is known that (Astrachan, 1936) 

uniformly in « for 0 < 8 g | | ^ w, where 8 ia fixed, provided 

(i) I A^-^Pn 1 = o(P«) (j = 1, 2), 

n 

(ii) in-k)^\A^p^\=‘ o(Pj (j8=sO, 1). 

k^O 
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Hence we have 


^8*1 t-\(JI,).tN\{t)dt 

= o(j \t~''x(t)\dt^ 

= o(l), as w 00 . 

2.3. It remains to show that /y 2 == o(l), as n -> oo. To prove this we require 
a suitable estimate for in the interval 8). We make use of the follow- 

ing notations : 

1jj„ 1 =r„ R„ = ro + ri+ +r, ; 

r(M) = /•[„], B{u) = 2f£„j, 
where \ u\ denotes the largest integer ^ u ; 

m 

W^{m) = 2 (n-kf 1 1 ; t = 

At = 0 

We have (Astrachan, 1930) 

4 


for ^t^8y 


m* 1 


where 




|3-o 
2 1 


■‘"-ski 

' ^ . 7=1 J3^0 

2 

1 


>=1 

1 




Now we have 


■<L- 


ix«) . tN'„(t) dt 


) 
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= 0 


+ o{ + t-^\x(t)\MM(t)dt 


^(■^2i) + 0{L2%) + 0(L2s) + 0 (L 24 )i say. 


J ' 0 = 0 


t-\ I I 


‘■'lxWl7^rd<+ t-Mx(*)l 












\ Ii{n) 


\dRi,s)\ +0 






1 r K(«) 


i\dR{t-^) 1 


R{n) s 


n I I dR(s) 1 


R{n ) J s 


+ 0(1) 


- - " iih tyh " iih 1^) - » (ra|.^) 

+ o 

the second term on the right being o(J) by virtue- of regularity condition. 


+ 0 ( 1 ). 
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Now we have 


= o(P„) by virtue of lemma 2 ; 


2 virtue of condition (III) of the theorem ; 

2 by virtue of lemma 3 and the 


condition (III) of the theorem. 
Hence 


I>2i = o(l). 


Again 


^22 


- 2 ('-'>'‘'-’-‘1 A - vi ] 

I- ' 'j=l^ = 0 

*«'‘' 5552 i A-V,l 

; = i/S-o 

+ f ^o(') • :^) 2 2 ^ i ^ I 

J „-l ' =xl^=0 

(«i;^i2,“")+"(sb2“’'^'''''-‘) 
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2 2 a^'VsiK'^^ 


+ 0l 


B{n) 


>=]« = () 


^ f 2 2 I I 

\ Mii = i;3 = o , 


+ 0 


li{n) 


2 *'’'M A'''Rsi|<i.O 
,i = i / 


“ ^ (i Pj) (i Pnl^2 I l) 

+"(22 ; [t;i 2 A'- V.i) 

= 1 ^ s= 0 ' « U « J ' 

'’(2 2 r^i 2 av*i) . 

« 0 j 5 * 0 /c = 1 ' 


+ 


Now wo show that oa(;h term on the right in the ahovo is o(l). We have 
n = o(P„), by virtue of lemma 2 ; 
n\pn \ = 0(Pn) from lemma 3 ; ♦ 

I A7?w I = 0(Pn) from lemma 5. 

We shall now show that 

' T y-hn-k)^ I aV* I = 0(P„) (j5 = 0, 1 ; j = 0, 1, 2). 

fc *» 1 

Breaking the summation on the left in six parts, we have 


(a) 2 b*l = 0(PJ, 




n 

(f>) 2 *|A2»*| = 0(P„), 


/< sa 1 
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(c) 2 I 1 = 0(P,), (d) 2 k-Hn-k) \pk I = 0(P„), 


(e) 2 I A2>.- I = 0(P,). (/) 2 I A% 1 = 0{P„). 

/C =r 1 A = 1 

For, (a) follows from regularity condition, (6) and (e) from condition (I), and (r) and 
(/) from condition (II) of the theorem, and finally 

k=l k^l 

k^l fi^l 

= 0(P,), 

by virtue of regularity condition, lemma 3, and condition (III) of the theorem. 


Hence 


Similarly, 


i.22==0(l). 










U 2 


R(71) 

,-l .7-1 


■ "(sS) 2 ' 2 “"-I 

2 2 

' ; not 1 ' ' .7 *= 1 ' 
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and 


Now 

I A^“ I = o(Pn) (j = 1, 2) by virtue of regularity condition ; 
n\pn \ *= 0(P„) from lemma 3 ; 

( A ( = 0{Py^) follows from lemma 5. 

Hence 

^23 == ^(^)- 

Finally, 

L 2 , = x(t ) ' ■ 2 wHn)-w^t -^) } dt 

K-i 

= poW 2 

*- ' •’ (9 =(I 

i ' % - 0 

+ f ’^''' ■ m i 

J „-i ^ e = 0 


-()3-3) 


-"(s^i »■’(»))+”([ i-:'*'! »■%.)- 

^=.0 1 / 

) 


+■'( mi 

\Jl ' ff^o 


Now 


,n J 2 ^ 

, ' ' ^=(1 1- ' / p_o f- _J, 


+ 


!?(«)■ 2 
1 P '' 
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Hoiice 

Now 

n 

2 (7i~k)^ 1 1 = 0 { 1 \) (jS = 0, 1) by lemma 1 ; 

k = l 

and 

2 I i = 0(P„) (j8 == 0, 1) follows from condition (II). 

^ « 1 

Hence 

^24 = 0 ( 1 ). 

Combining the above results we obtain 

2^2 = o(l), as 7h -> 00 . 

J'his completes the proof of the theorem. 

3.1. Lemmas. We now give the lemmas which have been utilised in 
establishing the theorem : 

Lemma 1, If ^ ^ I | == O «'i^d ^ ^ 

n 

2 (n—kf I I = o(P„) for JS = 0, 1 . 

Pmof : The case for jS = 0 follows directly from the condition 

2‘lA.p.l = 0(f). 

The case for jS = 1 follows from a corresponding result of Astrachan (1936), 

Lemma 2. Under conditions (II) and (III) of the theorem, 

n = o(P„). 

Proof : From lemma 1 it follows that 

n 

2 («-*)! A2;>*| = o(P,), 

A- 1 

from which, by taking the case A: = 1, the result can easily be deduced. 
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n 

Lemma 3. If ^ ^ ^ ^ ~ ^hien n\p„ \ = 0(Pn)- 

1 

h 

Proof : r= ( A; + 1 )Pk + ^ 

y=i 

/j 

(^+ 1 ) 7 >a -- Pk+ 2 

i = i 

(w-+i )/>„ = /\-l- 2 i( A/>i) = O || PJ + ^ j 1 Ai>; l| = f>(P«). 

Hence n\p^ \ ^OiP„). 

/p \ ” 

Lemma 4. Tf ^ I I ~ ^ ^ I)* = o{Py3‘ 

Proof : See Hille and Tamarkin (1932). 

Lemmi 5. li' ^ I ^7'* I = ^ (ff) 2 ^ ^ (5^) ’ 

then '«* 1 1 = 0(PJ. 

n= J n 

Proof: n^A'P„ = n ^ (A2>a)+»2 

k = t) ft = 1 

«-l n 

m 2 I !_(>)„ 2 I Ai)ft I +n ^ fc I A^y'ft 1 1 

- 0{Pn)- 
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BIANCHI’S CHARACTERISTIC FUNCTION IN A CONGRUENCE OF 

RIBAUCOUR. 


By Ram Behari and Ratan Siianker Misiira, Unwe.rsity of Delhi. 
{Received October 10 ; read November 25, 1949.) 


The object of this paper is to express Bianchi's characteristic function in terms 
of infinitesimal elements of the director surfaces and the surface of reference in a 
congruence of Ribaucour. It has also been expressed in terms of the distances of 
focal points from the surface of reference. Some new theorems have been 
established with the help of thosf^ results. 

1. A Congruence of Ribaucour is the congruence formed by rays througli 
points on one surface parallel to the normals to another surface, the two surfaces 
corresponding with orthogonality of linear elements The former surface is called 
the surface of reference and the latter is known as the director surface. 

Let X* and be the co-ordinatc!S of the corresponding points on the director 
surface and the surface of reference respectively, then we must have, 


or 


/ 0.r* 


(lx* . (ly* = 0 {i, j = 1, 

=o,e =8!. 


2. 3) 

(a,/8= 1, 2) 


( 1 . 1 ) 


^(xp second fundamental tensors for the director 

surface, and 


^olP ^ccyOpb 9ixh^Py 


then equation (1.1) may be replaced by an equivalent equation 

dx^ dy^ 


( 1 . 2 ) 


(1.3) 


The function is known as Bianchi’s characteristic function. 

If X* are the direction cosines of a normal to tlu^ surface at x* then wt) havt^ 2 

Py^X’ (1.4) 

where is a tensor conjugate to and 

^olP • = ^*0iy^^ph ~ ^(x8^Py^ 

being the covariant components of the fundamental tensor for the spherical 
representation of the director surface. 

The first fundamental tensor for the surface of reference is given by , 2 

= ( 1 . 6 ) 


If ^OLp^yS ^OLy^p^ ^(xh^Py 

[«a)3«“^]* = (1.6). 

= (1.7) 
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or = 0 

or = (J-8) 

But = shi^S .. .. .. (1.9) 

where ‘ ^ ' is the angle which a ray of the congruencte makes with the normal to 
the surfac e of reference. 

Hence cos 6 =t <j>^ 


or 


cos e = <f>^ 

(Is 


( 1 . 10 ) 


where dsi, and (Is are the areas of small elements on the s\irfaco of referenc e and 
the director surface. 

Thus we see that Bianchi’s charac teristic' function is denoted by the equation 

( 1 . 10 ) 

By Strazzeri 's formula 4, 

^‘“«»=PA ('■'» 


where and are the distances of the focal points fr om the surface^ of reference 
and (Iq is the element of area of the spherical representation of the congruence. 
Dividing equation (1.10) by the equation (1.11) we get, 

PiPi 

But by tlie theorem of Gauss 



the total cur vature of the director surface. 

/. ^2 = kp^p^ = ~A;p2 where p^ = —p^ = — p (say) . , (1.12) 

Thus BiancM's characteristic function can also be expressed in terms of total 
curvature of director surface and the distances of focal points from, the surface of 
reference. 

In particular, if we consider Isotropic congruences, then the director surface is 
a unit sphere, whose total curvature is unity. 

/. .^2=-p2 

But ‘ ' can be shown to be the factor of proportionality between the corre* 

sponding coefiSicients of Sannia’s two quadratic forms and hence is real 

p is imaginary, 

i.e. the focal points of an Isotropic congruence are imaginary. When the focal points 
coincide with the middle point, i.e. when the congruence is normal, Bianchi's cliarac- 
t&ristic function vanishes and the middle surface reduces to a point'. 

From the formula (1.10) it follows that if vanishes, dsi =0, i.e. the con- 
gruence consists of rays through a point. 
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2. The equation (1.9) gives an expression for sin^ 6 in terms of the covariant 
components of the fundamental temsor for the surface of reference. We shall now 
establish an expression for 6 in terms of the covariant components of the funda- 
mental tensor for the director surface. 

From the equations (1.7), (1.8) and (1.9) we get 

or ^ (i>^+PctPp9^^) V virtuo of ( 1 .6) 

t&ifid = . (2.1) 

When expanded this equation becomes 

run’/? ^Pi)^9n + iPi)^922-^iiPtP‘z 

Another expression for tan 8 can be obtained by putting the values of'^y from (1.4) 
tan2 0 

But ^a/3 = (2-2) 

The equation (2.2) becomes 

tan2 0 = ^£y«£;p«'^,,,^/;g^ 

or = 

When expanded thi.s equation becomes 


t an2 8 = 




12 


If are tlie dirtjction cosines of the normal to the surface of reference 


then Y' = ZtP^pe'^^ (3.1) 

where 2 :* are the co-ordinates of the corresponding points on the surfac(^ Sq associated 
to the director surface. 

From equation (1.10) this equation becomes 

Y* =s z* cos 8. . . . . . . . . (3.2) 

If ^ = 0 the congruence consists of normals to the surface of reierence, 

r* « z^. 

HeMce in a congruence of Rihauconr, formed by normals to the surface of reference y 
the surface associated to the director surface is a sphere. Conversely, if the surface Sq 
is a sphere, then from (3.2). 

s8 2 * cos 8 
7 * 7 * = z^z* cm^ e 
or cos ^ = 1 or 0 = 0. 
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Henco if the surface associated to the director surface of a congruence of Ribaucour is 
a sphere, the congruence, consists of rays normal to the surface of reference, 

4. From (1.5), the null lines on the surface of reference are given by 

a^pdu^duP ss ^^gf^^du^du^ -^p^p^du^du^ =0. . . . . (4.1) 

Thus the null lines on the surface of reference correspond to the null lines on 
the director surface if 

p^p^duP^dufi = 0 
or (^p^dti°^y = 0, 

which is true if the congruence is formed by normals to the surface of reference. 
Hence if a congruence of Ribaucour is formed by normals to the surface of reference, 
the null lines on the surface of referetice and the director surface correspond. 

From the equation (1.3) the relation between the director surface and the 
surface of reference is reciprocal. Therefore the equation (1.3) can also be written 
as 


d'x' dy^ » 


(4.2) 


where also is ' Bianchi's characteristic function,' but with respect to e^^ of tlu» 
surface of reference. 

From the equations (1.3) and (4.1) 

or 

Using equation ( 1 . 10) 

i.e. the cosine of the. angle between a ray of a congruence of Ribaucour arid the 
normal to the surface of reference at the point where the ray cuts it is the product of 
Bianchi\H two characteristic fmtctions. 


^ ^ or — = — 

'ocj8 4>i 

if)<l)^ = cos $, . . . . . . . . (4.3) 
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THE EMBRYO SAC OF FRITILLARIA LILIACEA. 


By J. S. Agrawal, Department of Botany ^ University of Delhi, 

(Commmii Gated by Prof. P. Mahoshwari, F.N.I.) 

{Received November 18, 1949; read January 2, 1950,) 

Introductiok. 

Fritillaria liliacea belongs to the family Liliaceae, tribe Lilioideae. Three 
speeies of the genus, F. persica (Bambacioni, 1928a), F, imperialis (Lenoir, 1934) 
and F. pudica (Sax, 1916 ; Eunus, 1950), have so far been studied. It was in 
F, persica that a 1 + 3 arrangement of the megaspore nuclei and the so-ealled 
‘Carano -Bambacioni Effect’ (see Maheshwari, 1946) were first discovered by 
Bambacioni (1928a). After the primary four-nucleate stage, there is a secondary 
four-imclcate stage in which the two micropylar nuclei are haploid and the two 
clialazal nii(4ei are t-riploid. In the next stage the basal nucleus remains undividt^d 
resulting in a seven-iuicleate embryo sac with only two antipodal cells. 

Material and Methods. 

The material used for this investigation was obtained from Mrs. M. S. Cave 
(University of California) by Prof. P. Maheshwari and very kindly passed on to 
me for study. Sections were cut 15/a thick and stained in Heidenhain’s iron-alum 
haematoxylin. 

Observations. 

The trilocular ovary has a large number of anatropous, bitegmic ovules arranged 
in two rows on an axile placenta. The integuments are well advanced even at the 
megas})ore mother cell stage (Fig. 1 ). The outer integumemt is three- to four- layered. 
The inner is two- to three- layered but later it becomes four cells thick at the 
micropylar end. 

A single hypodermal archesporial cell differentiates in the nuccllus. This 
functions directly as the megaspore mother cell without cutting off any waU cell. 
Its cytoplasm is finely granular, dense, and devoid of any conspicuous vacuoles 
(Fig. 2). Following the first reduction division one daughter nucleus migrates to 
the micropylar end and the other to the chalazal end without any wall formation 
between them (Figs. 3, 4). Each nucleus has several prominent nucleoli. The 
second reduction division produces the four free megasporo nuclei arranged 
diagonally (Fig. 5) or in a linear row (Fig. 6). In slightly older ovules only one 
megaspore nucleus is seen at the micropylar end and three at the chalazal end thus 
producing a 1+3 arrangement (Fig. 7). All the four megaspore nuclei divide 
simultaneously (Fig. 8), but the spindles of three chalazal nuclei fuse to form a 
large common spindle (Fig. 9) which may be situated diagonally (Fig. 10) or at 
right angles to the long axis of the embryo sac. At the end of the division there 
is seen a secondary four-nucleate stage with two small haploid nuclei at the micro- 
pylar end and two large triploid nuclei at the chalazal end (Figs. 10, 11). Earlier 
investigators (Sargant, 1896 ; Mottier, 1897) assumed the larger size of the two 
chalazal nuclei as probably due to their own growth because this condition was 
found only in the larger embryo sacs. 
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The two chalazal nuclei elongate and become slightly flattened, while remnants 
of the spindle fibres can be identified between them for a long time. Vacuolation 
begins in the embryo sac at about this stage (Figs. 10, 11). In Lilitm philippinense 
(Santos, 1937), the condition is similar, but in most other plants showing the 
Fritillaria type of development vacuolation seems to begin much earlier. As 
examples may be cited Tulipa (Bellows and Bamford, 1941), Tarmrix ericoides 
(Sharma, 1939), Piper lo'ngum (Joshi, 1944), Clintonia (Walker, 1944 ; Smith, 1943), 
Erythronium dens canis (Hruby, 1934) and Erythronium tuolumnense (Cave, 1942). 
Joshi ’s (1940) figures of Gagea fascicularis, showing vacuolation only at the mature 
embryo sac stage, seem to be rather unusual in this respect. In 0 . graminifolia, 
studied by Romanov (1936), vacuolation is clearly seen at the time of the third 
division in the embryo sac prior to the secondary four-nucleate stage. 

At the time of the fouith and the last nuclear division a vacuole appears in the 
upper part which gradually enlarges and occupies the central part of the embryo 
sac separating the micropylar and the chalazal groups of nuclei. Only the two 
micropylar nuclei and the upper triploid nucleus take part in this division 
(Fig. 12) producing a 7-inicleate embryo sac with four nuclei at the micropylar end 
and three at the chalazal. The basal chalazal nucleus shows signs of early 
degeneration. 

The four micropylar nuclei give rise to the egg apparatus and the upj)er polar 
nucleus. Of the three chalazal nuclei, the uppermost, which is the largest, 
functions as the lower polar nucleus and the remaining two as the antipodal cells 
(Fig. 13). The three cells of the egg apparatus are more or less symmetrically 
arranged. The largest of the tliree functions as the egg. Neither the synergids nor 
the egg showed any prominent vacuolation. 

Abnormalities. 

A few abnormal embryo sacs were noticed which are briefly described below. 

In one c;ase all the four megaspore nuclei of the primary four-nucleate stage 
showed signs of early degeneration while in some others only one, two or three 
nuclei were d('generating. 

One embryo sac, of a smaller size than the others, showed aU the four 
megaspore nuclei in division (Fig. 14) indicating an Adoxa type of develoj)ment. 
This is very important because it indicates that there is no fixed mode of development 
in Fritillaria. 8uch a condition has also been recorded in Erythronium (see 
Maheshwari, 1946) and some other genera with tetrasporic embryo sacs. 

Sometimes the egg apparatus may (jonsist of only a single synergid and the egg, 
the resulting embryo sacs being 6-nucleate (Figs. 15, 16). From Sax's (1916) 
Figs. 2 and 3 of Fritillaria pudica and Joshi ’s (1944) Fig. 23 of Piper longum also it 
appears that sometimes only one synergid may be formed instead of two. 
Although Sax mentions that dn practically all cases one of the synergids is destro^^ed 
by the entering pollen tube’, yet there seems to be no trace of the degenerating 
synergid in his Figs, 2 and 3. It is possible that at the time of the fourth nuclear 
division one of the micropylar nuclei also fails to divide in addition to the basal 
chalazal nucleus. 


Explanation op Figures (on p. 88). 

Figs. 1-9. Early stages in the development of the embryo sac. Fig. 1. L.s. ovule at 
meg€i«poro mother cell stage, X 206. Fig. 2. Megaspore mother cell in meiotic prophaso, x 4,32. 
Fig. 3. Same, late telopliase, x 432. Fig. 4. Two nuclei arising after the first reduction division; 
remnants of the spindle fibres are still visible, x 432. Fig. 5. Late telophase of the second 
reduction division, x432. Fig. 6. Four free megaspore nuclei arranged in a linear row, x432. 
Fig. 7. Typical l-fS arrangement of the megaepore nuclei, x 432. Fig. 8. Third nuclear division 
showing Lision of the three chalazal spindles, x432. Fig. 9. Same, more advanced stage, 
X 432. 
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Some embryo sacs were observed with the synergids or the entire egg apparatus 
in process of degeneration before the entry of the pollen tube. 

Frequently, the nucleus of the basal antipodal cell fragments (Fig. 15) into as 
many as 6 or 7 nuclei resulting in the formation of supernumeraTy antipodal cells 
(Fig. 16). Such a condition has not been reported previously in Fritillaria but 
was seen in several embryo sacs of F. Uliacea, Early degeneration sets in, how- 
ever, and the antipodal cells appear as structureless darkly staining masses surrounded 
with shrunken cytoplasm. 

Summary. 

1. The trilocular ovary has numerous anatropous, bitegmio ovules in two longitudinal 
rows on an axile placenta. 

2. The hypodormal arohosporial cell functions directly as the megaspore mother cell which 
uiidergoes the usual reduction divisions and produces the primary four-nucleate stage. 

3. Following a 1 + ^1 stage all the megaapore nuclei divide simultaneously but the tlnee 
ehalazal spindles unite to form a large common spindle resulting in a secondar^^ four-nucleate 
embryo sac. 

4. One more di\naion occurs, the basal triploid nucleus usually remaining undividcfl. 

5. The mature embryo sac is 7-nucloato and consists of four haploid colls (the egg, two 
synergids and the upper polar) and tliree triploid colls (the two antipodal cells and the lower 
polar nucleus). There is no sharp distinction between the synergids and the egg. All the luif lei 
of the embryo sac show several nucleoli in each. 

6. In one case all tho four megaspore nuclei were seen dividing independently indicating 
an Adoxa type of development. Sometimes only one s;ymorgid was seen in f)lacc of tw'o. 
Frequently, the basal antipodal cell fragments and gives rise to Bupemumorary antipodal cells. 
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STUDIES ON THE EMBRYOLOGY OF MICROCHIROPTERA, PART VI. 


Stbucture 0 ¥ the Placenta in the Indian Vampire Bat, Lyroderma lyra lyra 

(GEOrFROY)-(MEGADERMATIDAE). 

By A. Gopa LA KRISHNA, Department of Zoology, College of Science, Nagpur, 
(CommunicatcKl by Prof. M. A. Moghe, F.N.I.) 

(Received October 10; read November 25, 1949,) 


I. Introduction. 

Very little is known of the life-history, development and placentation of the 
family Megadermatidae. According to Blanford (1881) Megadsrma (Lyroderma) 
lyra lyra is the only species commonly found in India. The only bit of information 
from that source ivS that ‘Hodgson has observed that in this species males greatly 

exceed the females in numbers’ ‘Anderson found the young adhering to the 

abdominal teats and moving about from them to the pectoral mammae’ 

‘Hodgson found a single young in many pregnant females examined by him at the 
end of February.’ This information is obviously very insufficient. 

In this paper I propose to record a few observations on the reproductive 
system *and to describe the foetal membranes and the structure of the placenta. 
The material at my disposal is not sufficient and I cannot describe the sox-cycle or 
the early development of this bat. 

II. Material and Methods. 

The bats were collected from old houses and cowsheds in two viUages — 
Lakhani and Shi];)ewada — in Bhandara district, Central Provinces, India. The 
specimens wore brought to the laboratory in cages. The reproductive structures 
and the mammary glands of the females wore fixed in Bonin’s fixative, the pregnant 
uteri were slit open or punctmed to allow the penetration of the lixative. After 
dehydration they were sectioned at a tliickness of 10/x and stained with Ehrlich’s 
haomatoxylin and counterstained with eosin. In cases of the males the reproductive 
organs, kidneys and the suprarenals w'^ere fixed. In addition to Bonin’s fixative, 
which wRs used as a routine fixative, Carnoy’s fluid, Sanfehce’s formula and formalin 
M^ore also employed to fix the testes. 


III. Observations and Conclusions. 

The following table gives the data of collections (specimens were collected 
during 1947 and 1948) : — 


February 

March 

July 

August 

October 

November 


Males. 

7 

4 

10 

6 

2 

0 


Females. 

7 

6 

5 

11 

13 

1 


Total 


28 


43 
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(a) The female reproductive structures : — 

The ovaries are flattened structures, ellipsoidal in shape and having a diameter 
of 0-4 mm. in section. The ovary is enclosed inside a complete ovarian capsule, 
hence the corptis lutoum does not project beyond the surface of the ovary. 

The Fallopian tube arises from the lateral side of the ovjirian capsule, has a 
circuitous course and emerges as a fine tube from the caudal aspect of the ovarian 
capsule. The uterine cornua are symmetrically placed in the form of the two limbs 
of a ‘ V ' across the median line. In the non-pregnant females the two horns are 
equally well developed, and each has a length of 0 8 cm. Pregnancy occurs only in 
one horn. The vagina has a length of 1*2 cm. (Text fig. 1.) 



Tho female genitalia in Lyroderma lyra lyra (Geoffrey). Ov. : ovary ; f.t,: fallopian tube. 
Ul,: utorus ; vg.i vagina. 


There are a pair of pectoral mammae each with a single teat. There are also 
a pair of pubic teats without any pubic mammary glands. The pubic nipples are 
well developed in the case of the parous forms and measures in length 1 -3 cm. while 
in the case of the virgin females the pubic nipples are small and are not more than 
0-6 cm. in length. The pubic nipples are covered with fine fur. It has boon 
suggested by Harrison Matthews (1937) that they increase greatly in size dmlng 
the first pregnancy and lactation, and having once develop^ they do not return 
to their original condition. He, therefore, suggests that the large size of the pubic 
nipples is a sure indication of the sexual maturity of the female bats. 

(6) Number of embryos in litter : — 

The physiological asymmetry of the genitalia of the Chiroptera is a well- 
established fact. (Wood Jones, 1917; Harrison Matthews, 1937 and 42; Wiihsatt, 
1945). In most species, which have been studied, only one young is brought forth 
in each litter and pregnancy usually occurs in the right horn. (Duval, 1895; Wood 
Jones 1917; Guthrie, 1933; Baker and Bird, 1936; Harrison Matthews, 1937; 
Wimsatt, 1945). In extreme cases like Ehinohphus hipposideros (Harrison 
Matthews, 1937) the left horn does not even produce mature ova, indicating the 
final stage in the functional degeneration of the left part of the genitaha. Only in 
the case of the members belonging to the family Phyllostomatidao there is a simplex 
uterus as in Glossophaga soricina (Hamlett, 1934 and 1935) and Artibeus janmicensis 
parvipes (Wislocki and Fawcett, 1941). Perfect bilateral symmetry with both the 
horns bearing embryos is found in some Vespertilionid bats such as Vesperugo 
leisleri (Ilamaswami, 1933), Scotophilus urrou^htoni and 8. temminki (Gopalakrishna, 
1947), In Lyroderma lyra lyra there is a single young in each litter, either in the 
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left horn or in the right horn. It was observed that in every pregnant female the 
ovary on the same side as the side of pregnancy had the corpus lutoum. Further- 
more the ovary on the other side showed no signs of degeneration. 

There is another fact of considerable interest which I desire to record. Of the 
13 females collected during February and March (pregnancies were obsc^rvod only 
during these two months) 10 wore pregnant. Of the 10 pregnant females 4 boro 
I^regriancy in the right horn and 6 in the left horn of the uterus. These specimens 
which showed pregnancy in right horn had^small public teats while those that had 
pregnanicy in the left horn had largo pubic teats. The small number of my collec- 
tions does not encourage me to offer any opinion at present on the statement made 
by Harrison Matthews (1937) in explanation of this fact. 

IV. Placentation. 

(a) Arrangement of foetal membranes : — 

The stage of development, on which this account is based, is an advanced 
stage of development collected in February. The foetus shows the beginnings of 
the ossification of the long bones, and the foetal erythrocytes are enucleate. Tlie 
foetal membranes have attained their definitive disposition and final structural 
differentiation. The uterus has a diameter of 2*2 cm. in the transverse axis and 
2*7 cm. in the tubo-cervical axis. 

The general topography of the foetal me^mbranes is indicated in text -fig. 2. 
There is a discoidal chorio-allantioid' placenta on the antimosometrial side of the 
uterus. The allantoic diverticulum is situated slightly to one side of the median 
line. The allantois carrying foetal vessels spreads fanwise at the base of the placenta. 

The yolk-sac occurs in the section as a crescentic space on the mesomotrial 
side. The vascular splanchnopleure is separated from the bilaminar ophaloplcure 
by a slit-like spacer. The bilaminar omphalopleuro does not come into contact 
with the uterine wall, hence a small part of the uU^rino lumen persists on the 
mosometrial side of the uterus. The connection between the foetal gut and the 
yolk-sac cavity is lost as the yolk stalk has become solid. 



Text-figure 2. 

A diagrfAmmtttic transverse section of the gestation sac to show the arrangement of the 
foetal membranes in Lyroderma lyra lyra (Gleofiroy). all. pl.i allantoic placenta ; am. c.: amiii- 
otio cavity; bi. on.: bilaminar omphalopleuro; de.: decidua; exo.i exoooeiom ; moso- 

metrium; u.l.: uterine lumen; y»sc.i yolk-sac. 
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The general disposition of the foetal membranes in Lj/rodernia lyra lyra resembles 
that of most of the insectivorous bats so far studied. A decidua capsularis, as has 
been described in some of the Phylloatoraatid bats (Hamlett, 1934 and 1935; 
Wislocki and Fawcett, 1941), Is absent from Lyrodernia lyra lyra. 


(b) Finer str'wcture of the Placenta : — 

The microscopic structure of the allantoic placenta resembles that of most of 
the species of microchiroptera so far known, and is typically labyrinthine and 
haemochorial. The placenta is made up of a system of hollow syncytiotrophoblastic 
cords containing maternal blood which occurs in the core of the placental cords. 
The cords form a plexiform labyrinth and the spatos between the cords are occupied 
by the allantoic mesenchyme and foetal blood vessels. At the base of the placental 
disc (i.e. on the foetal surface) largo lacunae containing maternal blood and 
surrounded by syncytiotroph oblast can be seen (PI. VI, Fig. 1 ). 

The trophoblastic cords are zigzag and traversed by” a hollow core containing 
maternal blood, and are lined on the interior by a row of darkly staining nuclei, 
sphericial in shape and belonging to the syncytiotrophoblast. The cords are clear 
and distinct towards the base of the placenta, while towards the periphery, due to 
their intense interj unction, they appear to be in the form of a network. The 
trophoblastic cords have a uniform thickness. In a cross-section of a cord, or under 
higher magnifications, the histological details of the cords can be clearly made out 
(PI. VI, Fig. 2). The cytopla-sm is disposed mostly tow^ards the periphery and the 
central space is lined by a distinct row^ of spherical nuclei. These nuclei appear to 
be in direct contact with the maternal blood; in other words, they appeal* to form 
the innermost layer of the cord, but under the oil immersion objective a thin layer 
of cytoplasm can be clearly made out over the layer of those nuclei. Outside this 
layer of nuclei there is a larger area of hyaline cytoplasm with very few nuclei 
scattered here and there. These nuclei are flattened and lightly staining. 

The allantoic mesenchy^me and the foetal blood vessels enter the placjontal 
region from the base. They occur in between the trophoblastic cords in the meshes 
of the network, and extend almost about three-quarters of the thickness of the 
placenta. 

The jimctional zone between the placenta and tho decidua is very clear because 
in this region the trophoblast forms a continuous syncytial covering to the placxmta. 
This syncytial shell is pierced here and there by the maternal vessels which enter 
the placenta from tho uterine side. 

The zone of separation of the parturient is clearly marked out at this stage. 
The decidual covering round the placenta occurs as a thin layer of loose connective 
tissue wdth plenty of arooli. The space which occurs between the dc^cidua and the 
uterine wall is, probably, an artefact due to shrinkage. 

The maternal vessels enter the placental disc from the antimesoraetrial side. 
Up to the point where they penetrate the placenta, i.e. up to tho margin of the 
syncytiotrophoblastic shell, the maternal vessels maintain the ondotheliol lining. 
But after the vessels enter the placental labyrinth the endothelial lining is lost, and the 
vessels continue down towards the base of the placenta forming the core to tho 
trophoblastic cords. Thus the maternal vascularization of tho placenta is very simple 
— each capillary continuing as the hollow core of the trophoblastic cord up 
to the base of the placenta. Some of these tubes can be soon as enlarged spaces at 
the base of the placenta, each space surrounded by the syncytiotrophoblast. The 
endothelial Lining of the maternal capillaries is lost as soon as they enter the placental 
zone. 

Thus in the placenta the foetal blood is separated from the maternal blood by 
(a) the foetal endothelium, (b) tho allantoic mesenchyme, and (c) the trophoblast. 
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All these structures a-ro foetal in origin, and hence it conforms to the haemochorial 
type of relationship. 


(c) The Yolk-sac^: 

The yolh-sac is large and occurs as a semicircular space on the mesometrial side, 
and extends to the lateral side to a slight extent. The splanchnopleure is supplied 
by vitelline vessels and the foetal erythrocytes are enucleate. At this stage the 
vascular splanchnopleure has no placental significance because it does not have an^ 
point of contact with the uterine tissue. (PI. Vi, Fig. 3.) On the mesometrial side 
the bilaminar omplialopleure still persists. There is no decidua capsularis. 


V. Summary. 


1. Tlif' phyKiolopcHl aByninmtry of tho foiealo gonitalia in ilio case of l^yroderyiui lyra lyra 
is well roeognizod, bocause only ouo born of tho uterus bocomos pregnant. It may be the right 
or tlio loft. A singlo young \h born in eac h lit ten*. 

2. Foetal mom brain ‘s; Allantoic placenta. — l)i.spomtio'n : AntimoRomotial. Shape: 
Disooidal. Type: Liibyrini bino. Finer 'niorpltoloyy: Haemo<*borial. Yolk sac.- Largo. The 
vascular Kplan(^bno[)louro is oxtoiiHivo. Th<? trilaminar omphalo})leuro pe-rtuHts. Decidua. — A 
thin layer of dooidua is shed at birth. There is no decidua capsularis. 
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Explanations of Plate VI. 

(All figures are photomicrographs.) 

Fio. 1. Part of the alla.7\toic placenta. The syntjytiotrophoblastic cords aro distinct only 
towards the foetal surface, while on the uterine surface the cords get intenningled. Tlie spaces 
between the coids (contain the allantoic mesenchyme and foetal v^essols. A few foetal capillaries 
are scon at the base of the placenta. Note a thin layer a decidua coveritig the ijlacenta. 

Fig. 2. Magnified picture of a part of the allantoic placenta to show the details of the syn- 
cytiotrophoblastic cords. The coi ds aro (clearly seen to bo tubular and the lumen of the tube 
contains maternal blood. The nuclei of the syncytiotropho blast foim a continuous lining t-o 
|||i0 lumen of the cords. 

Fig. 3. A part of the yolk sac wall oidarged. The figure includes the persistent bilarninar 
omphaloploure and also the vascular splanchnopleure, which has invaginated over the bilarninar 
omphalopleure. The yolk-sac travity occurs between these two layers. (Magnification same as 
plat© figure 2). 
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In their paper ‘ On numbers which can be expressed as a sum of two squares ' 
Bambah and Chowla (1947) have established the following thoorem (hist obtained 
by Dr. Vijayaraghavan) ; — 

Let € denote an arbitrary positive number. Then there exists between x and 
x+2\/2+^ un integer which can be expressed as a sum of two squares (of 
integers) for all x ^XQ(e). 

Using more straightforward arguments one can, however, establish the 
following : — 

Theorem 1. Between x and x+2'\/2 there exists at least one integer 

which can be expressed as a sum of two squares of integers for all 
The proof of this theorem will be clear from the sequel. 

The object of the present paper is to study a similar but more general problem. 
More precisely, we try to find a fimction/(x) such that between x and x+f(x) there 
lies at least one number expressible by means of a given function with its argu- 
ments taking integral values. In this paper we take tliis function to be 

+ .... whore 0, >1, a,. >0. 

Then we show that 

^ . (1 ~ 1/^n) J 

Bambah and Cliowda’s reasonings, it appears, cannot be generalized easily to obtain 
this result. 

Theorem 2. Given any arbitrary form 
0.1^1^^ + 

witli a( >0, > 1 , then for any postitivo c ther.i exists l)otwe<<u ,r and 

- ■ ■ - H-llS.) 

where C = Co(l +«),C'o = f'o(ai .«2 . ■ ■ x„,0^,9.2, . . . 6^),x>To(e), 

at least one number which can be expressed by means of the given form with its 
x'h taking integral values. 

Given x, choose the uniquo integer xi defined by 



*i+«i j 


0<ei<l. 


In other words we take to be the greatest integer contained in 

/.r\l/9i 


e {/ x\^l 9 i 1^1 
= a, I -eq = x-pix' 


(1-1/e,) 


•• (I) 


VOL. XVI— No. 2. 



100 K. N. MAJIJMDAR : ON NUMBERS WHICH CAN BE EXPRESSED BY A GIVEN FORM. 


where 

Of course 


0 < pi(x) < provided x > some x'. 

Ltp,(x) = 


!<1 • 


Next take the unique integer given by 

\eii [ =ar2 + €2,0<€2. 

( OL., ) 

Then = 

where O<p 2 (*^ 0 <^ 2 ^i^^ 

provided a; > :r" > a:'. Clearly Tfp^A^c) = ^ ‘ 1 /^ 2 ) 1 ^2 ^ . 


( 2 ) 


Similarly t; 


ake Xq = r ~— 

Las 


j 


and proceed in this way up to .r„_i. 


Then «„. •■(' ■'/""-i). 

Finally choose as the integer just exceeding 


.,■ = 3 ‘ a3 ' - Vtf I ) • • ■ ■ ( I - I /»» 1 ) I ‘ 


( «„ 

and hence 


+ €„, 0 < €„ < 1 


< l/«>) ■ • • ■ (1- ' +e)a(l - '/ffi) • ■ ■ • (1 I'On) 

where Oq — etc. and e->-0 ae .'e-> oc . 


) - l/»7, -| 

i 


{") 


Adding (1), (2>, (//) we got 

:r< .... o(l • • • . (1 lg;«) 

whenever x > Xq((x.iOL 2 . ... ol,,, 61 , O^, ^ 0 „, e). 

Making the above selections in all possible different orders one can obtain the 
minimum value for Cq- above proof we have not taken any e,- — 0, for in 

that case x itself becomes representable by the form. 

If in the above theorem we take in particular 

ai = ag = a^^ = 1 , 6/1 = ^2 = ^3 — ^k = 

we get the following theorem. 

Tkeouem 3. Between x and .x -h(l+€)6':r^^ , , where^ 0 is a constant, 

c>0, x:>Xq{€, k), there always exists an integer which can be expressed as a sum 
k integral A^th powers. 

My thanks are due to Dr. 8. 8. Pillai for suggesting to mo some problems allied 
to those discussed above?. 
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I, Introduction. 

A small collection of Dicroidiwiu (Thinnfddia) fronds from the Mesozoic of 
Australia was kindly lent to one of us in 1940 by Dr. A. B. Walkom, Director, 
Australian National Museum, Sydney, for a detailed study of their cuticles. All the 
specimens yielded satisfactory preparations alter the usual cliemical treatment. 
JJiis is a preliminai’y note and briefly deals w ith the structure of the cuticles of eight 
species oi Dicroidi urn studied by us. A detailed paper supported by jJiotomicrograplis 
will be ])iibJis]ied shortly. 

According to the suggestion already made by Gothan (12) and Antevs (14), 
W'C rei’er these sout hern I'orms of Thinnfeldia fronds, charaeteristic of the Giossopteris 
province, to the genus Dicroidiunt , mainly based on their geographical distribution 
as was done in the case of Nocggeratltiopds (iJordaites) and Gondwanidiuni 
(N caropleridiinit) . Walkom (17, 21) and Du Toit (27), how^ever, prefer to retain the 
generic name Thinnfeldia to include the soutliern fronds also, while Thomas (33) and 
Jones and de »)ersey (47) suggest Dicroidiuni to accommodate the southern 
Thinnfeldia. The question of iiomenelature wdll Be fully discussed in the subsequent 
paper. 

Based on megascopic features the following species may be recognized in the 
present collection : — 

Aleihopteroid fronds : pinnate — 

(F 35803 a) Dicroidium layicifolium (Morris). 

'(! Dicroidiuju acuta (Walkom). 

(F 41810) Dicroidiuni narrahee.nensis (Dun MS.). 

(F 17822) Dicroidium eshensis (Walkom). 

(F 35803 b) Dicroidium sp. cf. D. talbragarensis (Walkom). 

* Publieliod by permission of tlie Director, Geological Survey of India. 
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Odontopteroid jroiida : bipinnate — 

(F 408) Dior oidium feistinanieli 

There are two other bipinnate fronds (Figs. 20, 25) which may be compared 
with Walkom’s D. Jeisimanieli (1925, PI. XXIV, fig. 7; PI. XXV, fig. 1). But the 
cuticiles of these two forms (Figs. 21-24; 26, 27) which are totally different from 
ea(;h other do not agree with those of t 3 rpical Z>. feislmanteli (Figs. 17-19). Hence 
they are placed in two new species. We have great pleasure in naming the stnaller 
frond (F 16391) shown in Fig. 25 as D, ivalkond after Di*. A. B. Walkom who 
kindly made this collection available for our study. The larger frond (F 17832) 
shown in Fig. 20 is named D, mistralia. 

Brief descriptions of the cuticular structure of the southern fronds,. Dicroidiiim 
odontojderoides (KSeward, 03 and Gotlian, 12), D. feiat7na7iteU (Antevs, 13, 14) and 
/>. lanciJoUuin (Walkom, 17) have previously appeared. Thomas (33) has made 
a detailed st udy of the cuticles of Dicroidiiim fronds as well as t hose of tlu^ male 
and female fructifications suspected to belong to the same type of plant . The cuticles 
of some sjiecies of tlie northern Thinnjeldia have also been studied by Gothan (12), 
Ante\ s (14), and Harris (37). 

Jones and de Jersey (47) suggest that D, odoiilopteroides , D, acuta, D. lancifoUum , 
D. taUnufjarensis and.l). feistmaiUcU are probably con-specific. We are unable to 
agr(‘e with tlieir suggestion. On the j)re8ent evidence available to us from 
a cuticular study, we are incUned to consider that each one of the above s})ecit's 
sliould be treated as distinct. 

11. General Features of Dicroidiitm Cuticle. 

Tlie cuticles of all the species of Dicroidiurn examined by us, show 
api)reciable difi'erences from each other in their thickness, arrangement of the 
cells, their average size, shape cutinization, in the distribution of the stomata per 
unit ar ea and in the nature of tlie subsidiary cells. 

But they all show a striking similarity with each other m the presence of the 
stomata in the upper and lower cuticles of the lamina and rachis; and in the size, 
shape, structure and orientation of the stomata. 

Lamina — Upper cuticle : 

In the low power, an apparent linear arrangement of tlie cells-- parallel to the 
secondary veins is cleaily discernible. In some of the alethopteroid forms where 
the frequency of stomata is less, this arrangement is more delinite. In all the 
forms the cells over the veins are inclined to be arranged in rows, the stomata being 
fewer in number in that region. 

The cells are polygonal, usually 4-6 sided. They may be straight -walled wdth 
sharf) angles or lounded corners. Btriations due to uneven thickening are observed 
in the cells of almost all the species, but the nature of these stria tions varies 
in the different species. The more thickened areas appear as ridges and the 
thinner areas as lacunae. The w^alls of the cells are undulated in some 
species and in others straight- walled. In addition to faint stria tions, irregular 
pitting is noticed in one or two species. The thickness of the cell wall may vary 
from 3 “5/x. In a few species the cell walls are heavily cutinized. 

Papillae or indications of them are seen in the cuticles of four species, 
in some they are raised ; in one species they occur as flat structures present in most 
cells. 

In the presence of irregularly oriented stomata both on the upper and lower 
cuticles and in the general shape, size and structure of the stomata, all the sjiecies 
agre^e. The distribution of stomatal groups in the areas between the forked veins 
is fairly noticeable in the alethopteroid fronds. Stomata may also be present over 
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the veins, but are few in number. In the odontopteroid fronds the number of 
stomata per unit area is greater than in the alethopteroid fronds. In the former 
the number per 1 mm. square area varies from 25-40, while in the latter it is only 
5-20. 

In their essential features, the structure of tlie stomata is similar in all the 
forms. They are more or less oval in shape with constrictions towards the poles, 
40 45/x long and IG-22/x, broad. The length of the |)ore varies from 16-23^. The 
sides of the guard cells facing the lateral subsidiary cells are generally thickened 
(Fig. They ])os8e8s characteristic^ transverse extensions towards the pore 

(Fig. 3/). These transverse extensions and the polar regions of the guard ccdls 
(Fig. \lp) usually remain unthickened; in D. JeisUiianteli (Fig. 18) the whole ol the 
guard cell is thin. In a few species the stomata are sunken. 

Thougli the subsidiary cells (Florin’s Nebenztllen^ 1931) vary in shape, size 
and number, they show a general similarity in all the forms. The common 
featums found in one species may be the exception in the other. Stomata with 
two subsidiary cells, occupying the whole dorsal side of the two guard cells are 
commonly found in tlie majority of the species. The subsidiary cells may be 
crescent-shaped, 40-*5()/i in length and 20-25/Lt in wddth in the broadest part (Fig. 8A, 
/..V. 1), or may be angular and as broad as 50/i (Fig. 8A, l.s, 2). Occasionally one or 
both the subsidiary cells may divide transversely (Fig. 3, 4), in whicli 

c^ase the lateral subsidmry cells may (Fig. 3, k,s*. 3) or may not extend to the polar 
regions (Fig. 3, l.s, 4). Separate polar subsidiary cells also are not uncommon 
(Fig. 2, p.s.). In D. feisimayUeli every stoma has liighly cutinized subsidiary cells 
both in the lateral and the polar regions (Figs. 17, 18, l.s. 1, p.s.). 

Encircling cells (Florin’s Kranizzellen, 1931 ) also may be found occasionally for 
one (Fig. 3, l.e,.) or both the lateral subsidiary cells. But in I), feistwanteh (Figs. 17, 
18 l.e., l.e, 1) every stoma has highly cutinized encircling cells adjoining the lateral 
and sometimes the polar subsidiary cells. Both subsidiary cells and encircling 
cells may be thicker or thinner than the ordinary cells. They also show striations 
in many of the species. 


Midrib — Upper cuticle, : 

The cells are shorter and more rectangular than those of the lamina; their 
linear arrangement is more pronounced. 

The stomata per unit area may be the same as in the lamina or somew4iat 

less. 


Lamina — Lower cuticle : 

Tlu^ lower cuticle does not show any appreciable difference from the upper in 
some of the species. In others, they are thinner, the cells are slightly larger and 
tlie frequency of stomata is less than in the upper. 

Each is — Upper cuticle : 

The cuticle thicker than that of the lamina. Cells arranged in definite 
longitudinal rows, longer in the middle part of the rachis, gradually become shorter 
and irregular in shape near the attachment of the lamina. The cells are striated in 
almost all the species. The cell-walls are more cutinized ; they may be smooth or 
crenate irrespective of those of the lamina. 

Stomata per unit areii less, orientation transverse or irregular; the size may 
or may not be the same as in those of the lamina ; guard cells unilormly thickened 
all round; subsidiary cells not specialized in the stomata of the middle region; no 
encircling cells present. 

3 
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Rachis — Loiver cuticle : 

The cells are shorter and broader than those of the upper cuticle of the rachis. 
Rows irregular; cells 4-5 sided, irregular in shape and size, larger than those of the 
lamina; stomata per unit area more than in the upper cuticle of the rachis; subsidiary 
cells specialized. 

III. Description of Species. 

Aleihopteroid fronds — Pinnate : 

Dicroidium lancifolium (Morris). Figs. 1-3 



Fig. I X d 1 

Dicroidium lancifolium . 

Fia. 1 . part, of frond, F 35803a, x ca. 1. 

‘Frond divides dichotomously into two linear pinnae which are inclined to one another 
at an acute angle. Pinnules vary in form with their position; the majority are elongate, 
tapering, with a rather acute tip, and have a distinct midrib which does not usually persist to 
the tip of the pinnule. The pinnules on the inner sides of the branches become smaller as the 
point of branching is approached, and gradually change from elongate acute to a rather ovate 
semi-circular or more or less rhomboidal shape, without a midrib, the veins arising directly from 
the rachis. The pinnules on the rachis below the junction may be of either type. The venation 
is alethopteroid, the secondary veins being given off from the midrib at a rather acute angle. 
In the basal portion of the pinnules some of the veins come directly from the rachis ; the pinnules 
are docurrent and are connected by a narrow lamina along the rachis.’ (Walkom, 17.) 

The details of the frond shown in Fig. 1 tally with the description given by 
Walkom. It can also be compared closely with Z>. lam'ifoliim figured by him in 
1925 (PI. XXVI, Fig. 2), 

5B 
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The cuticle of D. lancifolium is very briefly described by Walkom (25). As 
the details are not indicated either in his description or in the figures, attempt is 
not made here to compare our cuticle with those figured by Walkom. 

Lamina — Upper CMticle (Figs. 2, 3): 

Cuticle comparatively thick ; general linear arrangement of the cells discernible ; 
over the veins the cells are in rows; cells polygonal, varying in shape and size, faintly 
striated, striations parallel to the length of the cells. Average cell fi5/LtX40/x, walls 
straight, 2-3/x thick. Raised papillae observed (Fig. 2, p.a,) in a few cells, 10-1 6/x long. 

Stomata 15-18 per 1 mm. square area, irregularly oriented, 40-45ft long, 
20-25/x broad. Pore 16-20/x long. Thickened lateral walls of the guard cells 
measure 7-9/x. In a few stomata their free margin can be seen as in Bennettitalean 
stomata (Fig. 3, Transverse extensions present (Fig. 3, t). Polar regions not 
thickened (Fig. 3, p). Stomata appear sunken. 

Subsidiary cells usually two (Fig. 2), lateral; may be crescent-shaped or angular; 
3 or 4 also fairly common (Figs. 2, 3, LftA-l.ftA). Polar subsidiary cells also present 
in some (Fig. 2, Encircling cells rare (Fig. 3, l.e.). Both subsidiary cells and 

encircling cells thinner than ordinary cells; striations parallel to the length of the 
cells. 

Rachis — Upper cuticle : Not preserved. 

RacMs — Lotver cuticle : 


Arrangement of cells more or less in rows, rectangular, very thickly cutinized, 
slightly smaller than those of the lamina; striations present; stomata irregularly 
oriented, 10-15 per 1 mm. square area. 


Locality and Horizon : Triassic shales, Benclong, N.S. Wales. 

Dicroidium acuta (Walkom). Figs. 4-6 

‘Frond divides dicliotomously into two linear pinnae; raeliis strong. Pinnules some distance 
apart, long, narrow, tapering gradually to an aeuto tip, attached by the whole base, decurrent, 
joined by a narrow lamina along rachis. Venation aletliopteroid, midrib prominent and 
persisting to the tip; secondary veins make an acute angle with the midrib. A few y)innules 
in the fork between the two branches are modified in shape on account of their position.’ 
(Walkom, 17). 

The frond showm in Fig. 4, though badly preserved, reveals the characteristic 
features of D. acuta. The midrib and veins are not clearly discernible. 


Lamina — Upper cuticle (Figs. 5, 6): 

Cuticle thick; the general linear arrangement of cells not well pronounced. 
However, the cells over the veins are in row’s. They are of varying shape and size, 
polygonal; average cells 80 /ax65/i in size, striate^.d; striations forming short meshes; 
striations in one cell may or may not be parallel to those in the adjacent cells. Cell 
wall straight, no undulation, 3-4fi thick; papillae not observed. 

Stomata 10-15 per 1 mm. square area, irregularly oriented; average stoma 
40p X20^; pore 18/x in length. Structure of the stomata more or less as in other 
species. The thickened lateral w^alls of the guard cells may measure dp (Fig. 6, d). 
Transverse extensions (Pig. 6, t) may or may not be prominent. Polar regions 
(Fig. 6, p) imthickened. The lateral subsidiary cells are not differentiated from the 
ordinary cells either in cutinization or in the presence of striations (Fig. 6, Ls.): 
but they are smaller than ordinary cells, the corners more angular than rounded; 
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Fig. 4 X ca I 

Dicroidium acuta. 

Fia. 4. Part of frond, xca. 1. 


(Toscent-shapeci subsidiary cells are also common; average lateral subsidiary cell 
50/iX 25fiin size. 

Midrib — Upper cuticle : 

Cells over the midrib arranged in regular roAvs parallel to the midrib, cells 
rec^tangular; stomata fewer in number. 

RacJiis — cuticle : Under study. 

Locality arid Horizon : ? Triassic shales^ ? Narralx^en, near 83 dney, N.S. Wales. 

Dicroidium narrabeenensis (Dun MS.)* l^igR V-9 

‘Frond large, pinnate, dichotomous. Kaehis strong, pinnules large, elongate, obtuBcly 
pointed^ opposite or sub-opposito, with margins usually entire, occasioually broadly lobed. In 
the basal portion of the frond the pinnules are modified, being renifoma to triangular and some- 
what contracted at tlie base. The elongate pinnules have a prominent midrib, with secondary 
veins close, slightly curved, and branching. The basal pinnules have venation of the 
odontoptei‘oid type.’ (Walkom, 26). 

Only a part of the frond is shown in Fig. 7. The basal portion is, hoAvever, not 
preserved. 
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Lamina — Upper cuticle (Figs. 8, 8A): 

Cuticle moderately thick, cells arranged in apparent linear rows running parallel 
to the secondary veins. Cells 4-6 sided, irregular in size and shape, 50-1 00/x x 25~40g, 
in size. Both parallel striations and line pitting present. »Short jjapiUae 
preserved in a few cells. 

Frequency of stomata 10-15 per 1 mm. square area, irregularly oriented and 
mostly confined to areas between the veins, 40-45/iX 16-25/1 in size; pure 16-22/1 
long; thickened part of the guard cells 7-9/i biaaul. Tiansvcrse extensions jacsent. 
Polar regions unthickened. 

Subsidiary cells usually two, lateral, crescent-shaped (Figs. 8, 8A, /.n. 1 ), 40/i >: 20/i 
in size. Stomata, with broader subsidiary cells (Figs. 8, 8A, /.-y. 2) which may be 
40/1 X 50/1 in size, are also common. Occasionally or 4 subsidiary cells are obscrv(,'d ; 
|)olar cells also met with in certain cases. Encircling cells occasionally present. 
The subsidiary and encircling cells slightly more ciitinized than the ordinary cells; 
striations w^hich may form meshes are more prominent than in the ordinary cells. 

Midrib — Upper cuticle : 

Cells shorter, 65/iX50/i in size, more or less rectangular, arjanged in rows 
parallel to the midrib. Frequency of stomata 10 12 per 1 mm. square area. 

Lainhui — Lotver cuticle (Fig. 9): 

Much thinner, cells elongated' and rounchal at cornejs as in l>. rskeusiy. 
Striations very faint; pits ])resent. Raised })apillae in a few cells (Fig. 9, pa.). 
Subsidiary cells sti iated. 

BacJiis : 

Cuticle not ]>reserved. 

The low^er cuticle of the lamina of this species shows striking similarity 
with those of 1). e,ske.nms and Dicroidium sj). c]\ ]). talhruf/areusi.'^' in the general 
appearance, the a])parent linear arrangement oi’ the cells, and in tlie shape 
of the subsidiary cells. 

Lomlity and Horizon : Triassic shales, Narrabeen, near Sydney, N.S. Wales. 

Dicroidium eskensis (Walkom). Figs. 10-12 

‘F’rond largo, with strong, striated raoliis. Piixnulos largo, robust, graihially taporiiig io 
rounded aouto apex; upper half of lamina oontraoting at ba.sts lower Ijalf broadening slightly 
and somewhat decurrent; midrib prominent becoming (*vaneHceut near apex; .seeondaiy veins 
make an acute angle (20®-60") with midrib and divide, usually only once; a small jxumbor of x eins 
at the base of the pinnule spring direct from the rachi.s.’ (Walkom, 28). 

The dichotomizing pinnate frond showi) in Fig. 10 is typical cd’ 1). eskeusis. 
Lamina — Upper cuticle (Figs. 11, 12): 

Cuticle thin. Linear arrangement of cells mcne pronounced; (cWb longer; 
corners rounded, striations not observed; irregular i)its or fine pits ])rcsent, size ol’ 
cells 70 -120jLt X 40-50/x; cell walls straiglit, 3-5/i thick. 

Stomata only 5-8 per 1 mm. square area. Some appear in uniuseriate bands; 
orientation irregular ; 40-50/jt long and 20-30/x broad ; thickened area, of the guard 
cells about 9/* broad (Fig. 12, d). 
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Fig. 1 0 X ca I 

Dicroidinni cskensis. 

Fig. 10. Part of frond, F 17822, xca. 1. 


Subsidiary cells more cutinized than the ordinary ccIIb, usually two, lateral 
(Figs. 11 , 12, I.S.), with the longer axis transverse to the lengt h of the pore, average 
size 40 /aX50/x, striations not present; polar subsidiary cells rare. Encircling cells 
(Fig. 12, Z.6.) occasionally present. 

Midrib — JJpj^er cuticle : 

Cells more or less rectangular, arranged in rows parallel to the midrib, 90/i X 50/x, 
shorter than those of ordinary cells, corners not rounded. 

Stomata 3-5 per 1 mm. square area. 

Midrib — Lower cuticle : 

Cells still smaller, 65/u.x50ft; stomata 5-8 per 1 mm. square area. 
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Rg. 12 X 430 

Dicroidium eakenais, 

Fia. 11. Upi)er cuticle of lamina, Xl90. 

Fig, 12, Single stoma; d, = thickened lateral part of guard cell; p. = polar region of guard cell; 

t, = transverse extension; l.«. =* broad ifubsidiary cell; l.e. = encircling cell; x430. 
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Eachis — 11 jiper cuticle : 

Cells in definite rows, majority short, 30-1 50/x long and 50/i broad. Heavily 
eutinized eell wall lO/x thick. 

Stomata 2-3, irregularly oriented, guard cells thick all round. Sj^ccialized 
subsidiary cells as in lamina may or may not be present, more eutinized. 


Eachis — Lower cuticle : 

Cells shorter and ])olygonal, ajTanged in irregular tows; stomata 5 10 per 1 mm. 
square area. 

The upyjer cuticle of this s])ecies can be com])ared with the lower of D. 
'uarrnhe.cncusis in its general a])pea.raiU'e, the ap])arent linear arrangement of the 
cells in rows, the sha])e of the cells, t he somewhat indefinite differentiation of the 
stomatal and non-stomat al bands, the fewer number of st omata unit area and in 
the shape a] id size of tlie subsidiary cells. 

Locality and Uorizon : Triassic shales^ Narrabeen, near Sydney, N.S. Wales. 

Dicroidium sp. cf, D, talbragarensis (Walkom). Figs. 13 15. 



Fig. 1 3 X ca I 

Dicroidium sp. c/. D. lalhragarcnsis. 

Fig. 1:F Small part offroad, F 3580:i6, xca. 1. 

‘From! bipiimate, pinnae variable — some of ilie sarno typo as T. some witli 

markedly wavy margins, and others with the lamina distinctly divided after the manner of 
T. JeistmatUcU. Ihnnae narrow at base and attached to rachis only by narrow portion. Tlit^ 
v'enation in the simple pinnae is alethopteroid, wliile in those pinnae resembling 2\ feist fttaniclif 
the pinnules have the typical odontopteroid venation.’ (Walkom, 21). 

Walkom created this sjiccies to accommodate two markedly different tyjics of 
fronds; one, jiinnate with alethoyiteroid venation and the other bipinnate with 
odontopteroid venation. 

The frond (Fig. 13) may be compared to the pinnate forms of the above species 
except in the absence of the extremely constrictetl base. 
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Lamina — V'p'ppY cuticle (Figs. 14, ]5): 

Cuticle moderately thick; arrangement of cells in lairly pronounced rows; shape 
of cells similar to those in D, eskenfim, but striations present, pits more or less oval, 
average size oi‘ cell 1 00/i x 50/x. 

Stomata 1 5-20 per 1 mm. square area, orientation, size and shape of the stomata 
as in other species; 2, 3 or 4 subsidiary cells hiirly common. Encircling cells also 
present; both striated as in I), narrnheenensis. 

Though this cuticle resembles those of 1), varrahcejicnsis and D. eskensis in some 
rc^spects, it cannot be closely compared witli (‘ither of them. It appears to be a 
form intermediate between tlie above two. 

Locality and Horizon : Triage shales, Benelong, N.S. Wales. 

Dicroidium feistmanteli (Johnston). Figs. 16-19 



fig. 1 6 X ca I 



Fig 17 X 190 


Dicroidium feistmanteli. 


Fig. 10. Part of a pinna, F 408, xca. 1. 
Fio. 17. Upper cuticle of lamina, x 190. 


‘Frond bipinnate, paripinnate with a dichotomous rachis; apex is formed by a dichotomous 
l>yanching of the rachis. Pinnae elongate, gradually tapering, alternate or opposite. Pinnules 
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rhombic, ovate or semicircular, thick, attached by wliole of base and connected by very narrow 
lamina along tlje lachis. Venation odontopteroid, the veins sxjringing directly from the rnc Jiis 
and dividing once or twice before reacdiing the pinnae, but in this position they may be slightly 
('ontrac’ted at the base.’ (Walkom, 17). 

In our specimen (Fig. 16) only one pinna is preserved. In its externa] features 
it shoAvs the characteristics of a pinna of D. feistwanteli. It is pari pinnate ; tJie 
1)asal pinnules on either side of the midrib are similar and are larger than tliose abot e 
indicating that it is most probably not a branch of the dichotomizing frond of 1). 
odonUrpteroides. Further, its cuticle (‘losely resembles that 1). ffiMin aid Hi described 
by Ante vs (13, 14) except in the absence of papillae. 

Lamm a — Upper milch (Figs. 17, 18): 

Cuticle more heavily cutinized than in any other species described. Arrangement, 
of cells irregular; cells polygonal, of^arying shape and size, QO-SOp long and about 
nO/x broad, parallel striations cleaily seen in most of the cells ; in others, faint or 
absent. Walls straight, .‘l-b/x thick, strongly (ajtinized. Papillae or indications of 
them not observed. 

Distribution of stomata, 35-40 per 1 mm. square, irregularly oriented. 
Stomata 40-45/x long and 20--23/X broad; pore 16-20/i long; guard cells (Fig. 18, g) 
unique in being uniformly thin unlike those in the otlier forms where their lateral 
sides arc mucli thickened. However, the outline of the guard cells with their 
transverse extensions (Fig. 18, /) can be (clearly made out. 

According to Antevs (13), ‘they are surrounded by 4-7 “Wallzellen”, whose outer 
walls foiiu a thick circle. The inner A\alls as well as the radial ones are, on tlu^ 
contrary, thin and lie a little immersed. The guard cells are not preserved.’ The 
guard cells in our preparations are seen preserved in all the stomata (Figs. 1 7, 1 8, g ) ; 
but due to their extreme thinness, they are very inconspicuous inside the ring of 
the heavily cutinized subsidiary and encircling cells. In this species the stomata 
are much sunken. 

The stoma of this species is unique in yet another respect in having twx) rings of 
highly cutinized specialized cells. The inner ring (6-9p, broad) consists of 4-r) 
(4 being more common) subsidiary cells; the two laterals may be 65/xX8/x in size 
and the polars 25/x X 8/i, if their encircling cells are present ; otherwise (pr.), 2f}p X 20/x 
in size. Or the laterals may divide transversely forming four cells (Fig. 1 8, Ls-l.s. 1), 
some of which may extend to the polar region (Fig. 18, l.s. I). The laterals also are 
broader in case they have no encircling (‘ells. The outer, inner and radial walls of 
these cells are apparently thinner than those of the ordinary cells; the cells are more 
heavily cutinized ; striations transverse. 

The outer ring (10-1 2jLt broad) consists of the encircling cells (Fig. 18, Le., I.e. 1) 
of the lateral subsidiary cells and the broad polar subsidiary cells, if the latter have 
no encircling cells; for, only occasionally we find encircling cells for one or both 
the polar subsidiary cells. In the case of the lateral subsidiaries, howeA^er, only 
occasionally they are found devoid of encircling cells; the walls are not thicker than 
those of the ordinary cells, but they are heavily cutinized. The breadth of these 
cells are slightly more than their subsidiary cells. 

Eachis — Upper cuticle (Fig. 19): 

Cells arranged in longitudinal roAvs, 60/ttX70ft long and 40/u.x45/Lt broad. 
Striations are prominent. Walls different from those of the lamina in t heir crenate 
appearance; 6-8 irregularly oriented stomata per 1 mm. square area, smaller than 
those of the lamina; subsidiary cells similar to ordinary cells; encircling cells absent; 
towards the lamina where the frequency of stomata (8-15) is higher, a ring of 
subsidiary cells present, 
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Fig. 18 X 430 



Fig. 19 X 430 

Di croidium f cistmant f’li, 

Fio. 18. Single stoma; r/. guard eellj t, — traiiRvorso oxtonsion; l.a, — l.fi. 1 — lateral subsi- 
(liary cells; l.e. — l.e. 1 lateral encircling celln; p.s. ~ broad polar subsidiary cell 
whicli baa no encircling cell; x43(). 

Fig. 19. A few re(*tangular striated cells of the upper ciitn^le of raebis sliowing crenate wall; 
X43(b 


liachU — Loioer c/nticle : 

Cells shorter and broader; frequency of stomata higher { 10-15) ; regular rings of 
subsidiary and eneireling cells. 

The cells ol‘ the raehis of tliis species show a slight resemblance to those of the 
lamina in Z>. anMrali^ (3^ig- ^1 ) in their undulating cell- walls and striated cells.,. But 
the similarity ends there, 
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Locality and Horizon : WianamcUta shales, McDonald Town, N.S. Wales. 

Dicroidium australis sp. no?. Figs. 20-24. 

The frond shown in Fig. 20 is only partly preserved. The basal and apical 
portions of the rachis, the region of forking and the terminal regions of the larger 
pinnae are not preserved. However, it can be made out that it is a large bipinnate 
frond. The simple pinnae between the forked branches are 2 cm. long and 1-5 cm. 
broad. They have constricts bases and pointed apices. The margin is entire. 
The venation is essentially of the odontopteroid type ; but an indication of midrib is 
vaguely visible just at the base of the pinnae. 

Though the tip of none of the larger pinnae is preserved, it can be made 
out that originally they were at least as long as 10 cm., and about 2 cm. broad at 
the base. The basal parts are deeply lobed into ovate segments, the latter becoming 
smaller towards the apex ; the upper part is simple with wavy margin. The pinnae 
have thick prominent midrib; veins odontopteroid in the ultimate segments; the 
basal lobes receive veins botli from the midrib and the rachis. 

On a casual examination the frond shows a close resemblance with D, feistmanteli 
figured by Walkom in 1925 (PL XXIV, Fig. 7). However, it varies from the t3^ical 
fronds of D. Jeistmanteli in having only lobes instead of pinnules. Further, the 
upper part of the pinnae is simple with crenate and wavy margin. The cutieular 
structure is also different from that of D. feistmanteli (Figs. 16-19). Hence tliis 
frond is placed in a new species, Z>. australis. 

Diagnosis : 

Frond bipinnate, rachis dichotomizing. Pinnae between the forked region 
simple, 2 cm. long and 1-5 cm. broad; margin entire, base constricted; venation 
odontopteroid; vague indication of a midrib just at the base; longer pinnae 
alternate or opposite, about 10 cm. long and 2 cm. broad at the base; basal part 
deeply lobed into ovate segments; apical region not lobed, wavy to entire. Pinnae 
with a definite midrib; venation odontopteroid in the ultimate segments; veins 
to the basal lobes arise both from the rachis and the midrib. Structure of the 
lower and upper cuticle of the lamina essentially the same; cuticle thick, cells 
varying in shape and size; average cell 80;xx50p,, striated; striations 
converge to the middle of the cells in most cases and at the point of convergence, a 
single pa}>illa is present. In cells where striations run parallel, no papillae observed. 
Walls undulating. Stomata Dicroidium type, 20-25 per 1 mm. square area. Cells 
of the upper cuticle of rachis in longitudinal rows ; striated, striations parallel to the 
length of the cells, undulations faint; stomata fewer in number. Cells of the lower 
cuticle of rachis polygonal, in irregular rows. 

Lamina — Upper cuticle (Figs. 21-24) : 

Cuticle moderately thick. Cells irregularly arranged, polygonal, not uniform 
in shape and size, 60-80/i x 40-60;a. Cell wall appears undulating due to uneven 
thickening. Wall 2-3/i thick. Cells striated; in many the striations converge to the 
centre where a single papilla is observed above the point of convergence (Figs. 21-23). 
In cells where the striations do not converge but run more or less parallel from 
wall to wall, papillae are absent (Figs. 21, 24). 

Stomata about 20-25 per 1 mm. square, irregularly oriented, 40-45/a long 
and 20-23/a broad. Pore 16-20/a long. Thickened dorsal side of the guard cells 
4-6/a (Fig. 24, (i); polar region unthickendd (p.)\ transverse extension present (L). 

Many stomata have two lateral subsidiary cells (Figs. 21, 22, 24, l.s.)^ 40/aX 
26-30/a in size; 3-4 subsidiary cells also very common, more or less extending to the 

4 
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Fiq. 22. Upper eiitielo of lainiiui, striatioixs fon.vergo to the centre of celJ where a Hingle papilla 
present; median ])apilla on subsidiary ceil also; X 190. 

Fio. 23. Single cell showing striations and papilla; x 430. 

Fig. 24. Single stoma; d — thicikenod lateral part of guard cell; p. ~ polar region of guard 
cell; t. == transverse ('Xtension; l,e. — lateral subsidiary coll; Le. — lateral encircb 
ingcell; x430. 


polar regions forming a ring round the stoma; occasionally stomata with clear 
polar subsidiary cells are observed. 

Encircling cells are common (Fig. 24, Le.). Both subsidiary cells and encircling 
cells are striated with undulating walls; median papillae observed in many (Fig. 22). 
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Eachis — Upper cuticle : 

More thickened than those of the lamina, cells longer and arranged in longitudinal 
rows. Middle row of cells 110-1 12/a x25-30/n. Towards either side, the cells 
shorter and broader. Cell walls only 2-3/a tliick; undulations very faint or absent. 
Striations on cells quite prominent and run parallel to the length of the cells. 

Stomata 3-5 per 1 mm. square area, smaller and irregularly oriented; guard 
cells heavily cutinized all round; transverse thickening not prominent. No 
specialized subsidiary cells. 

Eachis — Lower cuticle : 

Cells shorter and broader, irregular in shape and size; stomata of greater 
frequency than in the upper cuticle; guard cells uniformly cutinized all round. Ring 
of 4-6 unspecialized subsidiary cells, also heavily cutinized. 

The cuticle obtained by Thomas (33, fig. 52 h) from the frond described by him 
as Dicroidium sp. cf, D, feistmanteli (33, fig. 50) shows identical features with those 
of D. australis. In our opinion Thomas’ frond belongs to D. australis. 

Locality and Horizon : Triassic shales^ Narrabeen, near Sydney, N.S. Wales. 

Dicroidium walkomi sp. no?. Figs. 25-27. 

The frond (Fig. 25) assigned to this new species also is partly preserved. One 
branch of the dichotomizing rachis is preserved with a few incomplete pinnae on 
either side. 



Fig. 25 X ca I 

Dicroidium walkomi sp. nov. 

Fio. 26. Part of frond, F 16391, xca. 1. 
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The rachis is 3~4 nun. broad. Basal pinnules on one side are simple and 
smaller than those opposite, indicating that the simple pinnae occupy the position 
just above the forked region of the rachis. These simple pinnae, about 3-3 *5 cm. 
long and 1 cm. broad, resemble those of D. ialbragarensis in their shape, size and 
venation. The base is not constricted; margin wavy. There is a definite midrib, 
persisting to the apex and giving rise to forked secondary veins. The apex is 
not preserved. 

The longer pinnae are sub-opposite 6 cm. long and 1-1*5 cm. broad at the 
base. The basal parts have ovate lobes. Towards the apex the lobes are loss definite 
and nearer the apex the margin is wavy as in the case of D. australis. The midrib 
is strong. The venation of the lobes is odontopteroid. 

Though this frond could be compared with Walkom’s Z). feistwanieli (1925, 
PI. XXV, fig. 1) in megascopic features, it differs from typical D. feistruanteli in 
its smaller size, in the absence of definite pinnules with the lamina only incom- 
pletely divided gradually giving rise to wavy margins in the apical half of the longer 
pinnae, and further, in the alethopteroid venation of the simple pinnae in the region 
of forking. 

From D. australis it differs in the smaller size of the frond and the alethopt eroid 
venation of the simple pinna over the forked region. 

The cuticle of both D. feistmanteU and D. australis are structurally different 
from that of D. icalkoun. 

For reasons given above, we suggest the institution of a new species, D. wallcowi, 
to accommodate this form. 


Diagnosis : 

Frond bipinnate; rachis dichotomizing. Pinna above the forked region simple, 
3-3-5 cm. long, 1 cm. broad; base broad %vithout constriction, margin wavy 
or entire; venation alethopteroid. Longer pinnae sub-opposite, 6 cm. long and 
1-5 cm, broad at the base, without constriction; basal region with definite ovate 
lobes, apical region showing wavy margin of the lamina. Midrib fairly thick; 
venation of lobes odontopteroid; cuticle thick, linear arrangement of cells less pro- 
nouncted, walls straight, Stomata Dicroidimn type, 25-30 per 1 mm. square area; 
subsidiary colls 2-4, very thin. 

Lamina — Upper cuticle (Figs. 26, 27): 

Cuticle thick, cells in irregular rows, short and broad, of varying shape, striated, 
size 30-50/i X 30-50/ut ; walls straight, 2-3ft in thickness. 

Stomata 25-30 per 1 mm. square area, 45~50ft X 1 6-1 Sp in size; pore 20-24p. 
Dorsal wall of the guard cells ip, thick (Fig. 27, d); transverse thickening not very 
prominent (t.); polar regions unthickened (p.). 

Subsidiary cells may be two, lateral and crescent-shaped. 50pxl6/x in size; 
3 or 4 subsidiary cells very com'mon (Figs. 26, 27) ; occasionally polar subsidiary cells 
also present; subsidiary cells much thinner than the ordinary cells; encircling cells 
very rare. Striations not observed. 

Midrib — Upper cuticU : 

Cells very short and mostly rectangular in shape, smaller than those of the 
lamina; walls slightly more cutinized; stomata about 20 per 1 mm. square area. 

Bachis — Upper cuticle : 

Cells in the region of the midrib arranged in rows, rectangular to polygonal, 
lOOp xSOft in size; wall lOp in thickness; towards the periphery the rows of cells 
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become irregular as also their shape and size; striations present. Stomata 10-12 
per 1 mm. square area, usually larger, 60/iX30/x; subsidiary cells thin. 


Rachis — Lov^er cuticle : 

Cells smaller in size than those of the upper cuticle, walls less thickened ; striations 
not prominent. 

Stomata 20-25 per 1 mm. square area, large as in the upper cuticle of the rachis. 
Locality and Horizon : Triassic shales, Narrabeen, Manly, N.S. Wales. 

Affinity 

The earlier workers have included Thinnfeldia under the Filicales. Schenk (67) 
and Antevs (14) have raised this i^roup to a position intermediate between the ferns and 
the gymnosperms. Seward (10, 31) was the first to include Thinnje.ldia under the 
pteridosperms. But wluvn Walkom (17) discovered fertile fronds of Thinnfeldia 
he instituted a new family the Thinnfeldieae the sporangia of which, according to 
him, showed affinities both with the Gleiclieniaceae and the Marattiaceae. Du 
Toit (27) followed Walkom’s suggestion and included Thinnfeldia fronds under the 
Filicales. Hamsliaw Thomas (33), however, could prove with convincing evidence 
that Dicroidiurn (Thinnfeldia) belonged to Pt endosperm ae. He discovered also 
detached male and female fructifications lying in close association with Dicroidiurn 
and allied fronds from the Mesozoic of S. Alrica. By their cuticular resemblance 
he has suggested that both the fructifications and tho leaves belonged to the same 
type of plants. 

It may be mentioned here that our study of the Dicroidiurn stoma has shown 
that it is typically gymnospermous. Although in certain respects it recalls some 
characteristics of the Bennettitalean stoma on the one hand, and the Ctenis group 
of the non-Bennettitalean fossil Oycadophy ta on the other, it has been found to be 
distinct from those groups in many respects. The affinities of the Dicroidiurn stoma 
will be discussed in full in the detailed paper. 

iV. Summary. 

The following sy^oricK of Dicroidirf w {Thinnjeldiit) have boon recognized in a Bmall collection 
of fronds from tlie Mesozoic of Australia, kindly lent by Dr. A. B. Walkom, Director, Australian 
National Museum, Sydney : 

D. lancAfalin ni (Munis), D. acuta (Walkom). D. uarrahcenciisis (Dun), D. eskensis (Walkom), 
Dicroldiu ui sj). cf. D. talbragarpu.sin (Walkom), and J). feist mantdi (Johnston). 

Two now' spocioH, D. a?istr(dis and I), ivalkouii, have boon instituted based jnainly on their 
cuticular structure. 

The cuticles of tho above species are briefly described. 

We are grateful to Dr. W. D. West, C.I.E, Director, Geological Survey of India, 
for giving us all facilities for palaco botanical research and to Dr. A. B. Walkom, 
Director, Australian National Museum, Sydney, for kindly jdacing tho material at 
our disposal. 
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A SIMPLE FORM OF VOLTAGE STABILIZER. 


By N. K. Saha, B. S. Chandehsekhaba and M. K. Sundakesen, Physics Department, 

University of Delhi, Delhi, 

(Communicated by Dr. R. C. Majumdar, F.N.I.) 

{Received December 22, 1949 ; read March 3, 1950.) 

1. Intboduction. 

Usual forms of Geiger counters are generally operated at a voltage between 
1000 and 2000 volts, and since their counting rate is a function of the applied voltage, 
this voltage should remain constant. Many vacuum tube circuits have been devised 
for this ]iurpose. The main j)rincij)le employed in some of these voltage stabihzers 
is that the variations in the oatjmt voltage, after rectification, bias the grids of a 
thermionic tube so as to maintain a constant plate current. Street and Johnson 
(1932) have devised two circuits using tetrodes, but they include batteries from 
which current is drawn and are therefore likely to lose their efficiency in long runs. 
Richards (1933) has given a circuit which eliminates batteries by substituting a 
separate full- wave rectifier, the control grids of the twx) triodes in the main rectifiers 
being biased by this auxiliary rectilied voltage. But the a])j)aratus is bulky, and the 
different time constants of thermal response of the filaments in the seven tubes in 
the circuit introduce large transients when tlio primary voltage is suddenly changed. 
Evans (1934) has described a stabilizer using only one battery Horn wJiit li current 
is not drawn. Gingrich (1936) has modified Evans’ circuit using a noon tube instead 
of the battery. He also describes a second circaiit using a bank of noon tubes across 
which the stabilized voltage is obtained. 

Neher and Pickering (1939) employ a different principle, wliere fluctuations of 
the input voltage vary the plate current in a pentode such that a constant f)ut put 
voltage is obtained, the exc^ess voltage being dro})j)cd off a(*ross a series resistance. 
But twxi dry batteries are recpiired. Banerjee (1942) has modified the Neher- 
Pickering circuit so as to use only one battery. 

In all these circuits the ])oint at which the voltage is stabilized is determined 
by varying one or more resi»st.ances. Most of them also require the use of one or 
more dry batteries. These are avoided in a stabilizer we have constructed, similar 
in principle to Gingrich’s circuit using a bank of neon tubes, but eliminating the 
actual use of neon tubes. 


2. Descbiption and Wobking. 

In the present form of voltage stabilizer the property of gas ionization at reduc’od 
pressure is utilized. The circuit is shown in figure 1 . T m the liigh tension trans- 
former fed from the variac A. The output voltage is rectified by means of the 
tube 2X2 and impressed on tlie 2-microfarad condenser C. A brass tube about a 
meter long and 12 milhmetors in diameter wdth an axial insulated steel wire of 
0*33 millimeter diameter constitutes the stabilizing tube, the two electrodes of w Inch, 
the central wire and the body, are connected across the condenser plates in series 
with a liigh resistance E of about 30 megohms. The tube can be exhausted and 
filled with dry air at a desired pressure by means of a suitable system of stopcocks, 
drying tubes, manometer and vacuum pump. 
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Fig. 1. Tho Ex permiontal arrangement. 

As the transformer output is increased from its lowest value (l\v means of the 
variae in its primary circuit), the voltage drop across the tube also increases. At a 
certain voltage characteristic of the pressure inside the tube, this voltage becomes 
constant, and remains so practically over a very largo range of the transformer 
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output voltage. This stabilized voltage depends entirely on the pressure in the 
tube and increases steadily with pressure, as shown in figure 2, which acts as the 
calibration curve for the stabilizer. The stabilization of the voltage at a given 
pressure is due to the fact that any increase in the transformer output causes a 
higher ionization current to flow in the tube; this leads to a higlier j)otential drop 
across R which compensates the increase in the transformer output and the potential 
across the stabilizer tube remains constant. 

3. Characteristics. 

The voltage across the stabilizer tube is shown as a function of the transformer 
output (rectified), for various fixed pressures inside the tube, in figures A, B, C and 
I). At the region where stabilization ju'st 
starts, spontaneous fluctuations of the tube 
voltage for a fixed transformer output are 
observed (as shown by the shaded areas in 
figures 3 A , B, C\ D). These can bo exjflained 
as follows: Let the transformer output 
voltage be equal to or slightly greater than 
the stabilized voltage. The stabilization just 
starts, the tube becomes suddenly conducting 
and this causes a largo current to flow in the 
circuit. This in turn causes a large ohmi(i 
dro]) of potential a(;ros8 the series resistance 
/?, and the available voltage across the tube 
instantaneously drops below the stabilized 
voltage. The gas ionization in the tube, 
however, tends to cease at the lower tube 
potential, resulting in a rapid fall in the 4:* (Xirv(MlIuRtroting i ho initial currout 
current and a smaller potential drop across voltage fluctuations at threshold. 

R. Eventually the original stabilized vol- 
tage across the tube is restored. The whole })roees8 a})pears as a current and 
voltage fluctuation with time in opposite senses somewhat like that shown in Fig. 4. 
The ])henomenon can repeat itself several times. The fluctuations disappear when 
the transformer output is so large that, in spite of the voltage dro]) across R at the 
instant of striking of the ionization, the available voltage across the tube is equal to 
its striking voltage. 

The stabilization elffect has also been tested for different values of the series 
resistance R. It is observed that a higher resistance [R 40 megohms) gives a 
better stabilization than a lower resistance {R ^ 10 megohms). With the lower 
resistance, there is a slight increase in the stabilized voltage as the transformer 
output is increased steadily from the lower limit of stabilization up to the maximum 
output. The effect is more pronounced for high stabilized voltage. For example, 
when the transformer output is increased from about 2,000 to 3,500 volt s (Fig. 3^), 
40 megohms, the stabilized voltage at 8*6 cm. Hg pressure starts at 1,500 and 
increases steadily to 1,540, the increase being 40 volts over a range of 1,500 for the 
transformer output. With a series resistance of 10 megohms the stabilized voltage 
for the same pressure increases steadily from 1,500 to 1,580 over a range of the 
transformer output from 1,700 to 3,500 (Fig. 3D). Again as can be seen from the 
lowest curve of figure 3^, which is the voltage stabilization curve at the lowest 
attainable pressure at D 40 megohms, the stabilized voltage is practically steady 
over a wide range of the transformer output. The second, third and fourth curves 
are respectively for the pressures 31, 8-6 and 15-6 centimeters of mercury. At 
these higher pressures, the stabilization naturally starts at gradually higher voltages 
(<1,000, 1,500 and 2,000), but the stabilized voltage also increases slightly by 20, 
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Fig. 3. A, B, C, D, The abscissa represents rectified transformer output voltage and the ordinate the voltage drop across the stabilizer tube. The stabihzec 
values of 500, 1,000, 1,500 and 2,000 volts are clearly seen to set in at full vacuum, the pressures of 3-1 cm., 8*6 cm. and 15*6 cm. mercurj^ respectively. 
The Figs. A, B, C, D are for 40, 30, 20 and 10 megohms respectively as series resistance. 
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40 and ^ 20 (uncertain) volts respectively as the transformer output is varied steadily 
up to the maximum (3,500 volts). 

It is to be understood that the success of the gas ionization tube as a voltage 
stabilizer is to be expected only when the current in the circuit remains within the 
linear part of the ionization current-voltage curve; the slight increase of the stabilized 
voltage observed under certain conditions as described above is due to the fact that 
the ionization current under these conditions has a less-than-linear increase with 



Fig. 6 . The abscissa represents transformer output voltage after rectification, the ordinate the current 
through the stabilizer tube. The four sots of parallel curves are for the four series resistances 10, 20, 30 and 
40 megohms. The four curves in each set are respectively for the stabilized voltages 500, 1,000, 1,500 and 2,000. 
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voltage. At a given series resistance the non-linearity increases with increasing 
pressure and at a given pressure the non-linearity increases with decreasing series 
resistance. 

For a low series resistance (i? ^ 10 megohms) and a low stabilized voltage (at 
the lowest attainable pressure) an interesting effect was observed. When the 
transformer output was increased beyond a limit there was a sudden drop in the 
stabilized voltage, which continued steady at this lower value for further increase of 
the transformer output. The effect is probably due to complicated gas ionization 
phenomena setting in at the high ionization current ( ^ 215 microamperes) flowing 
through the discharge tube. 

Figure 5 shows the variation of the current in the stabilizer tube as a function 
of the D.C. input voltage from the transformer. For a given series resistance the 
current variation is shown for the four different stabilized voltages 500, 1,000, 1,500 
and 2,000 V. forming a family of four curves with a nearly parallel run. Four such 
families of curves have been plotted for the series resistances 10, 20, 30 and 40 
megohms. The stabilized voltage corresponding to any curve sets in just beyond 
the sharp kink in the curve, beyond which the curve is, in each case, sensibly linear, 
having a slope corresponding to the series resistance. The current in this region is 
therefore to be ascribed mainly to the corona discharge, since, on resolving the 
characteristic into two parts — one for the ohmic resistance R and the other for the 
stabilizer tube — the latter characteristic is nearly a straight line parallel to the 
current axis. The current in the pre-stabilization region is due to tlie primary ions 
present in the stabilizer tube produced by cosmic rays, stray radioactive radiation, 
etc., and also slightly due to the large ohmic resistance of the circuit. 

For the series resistance i? = 10 megohms and a stabilized voltage of 500, there 
is a discontinuity in the current characteristic at an input voltage of 2,500. This 
is simultaneous with the drop in the stabilizer voltage which has already been men- 
tioned (see Fig. 3/>), lowest curve) and is probably due to some kind of complex 
ionization of the gas setting in at a large cairrent density. 

The behaviour of the voltage stabilizer has been investigated up to the maximum 
transformer output of 3,500 volts available. The stabilization range of the curves 
in Fig. 3 probably extends to a higher voltage. 

Abstract. 

A simple fonn of voltage stabilizer for the range 600-2,000 volts, suitable for use with G.M. 
eouiitors, is doseribed. The stabilization is effoeted with the lielp of gas-iouization in an air 
discharge tube of variable pressure coni'.octed in parallel to the transformer output. At a 
stabilized voltage of 1,500 volts a deviation of 2-5% was observed when the transformer 
output was varied between 2,000 and 3,500 volts. As such a wide variation in the transfoimer 
output is not likely to occur in practice, the stabilization attained is generally satisfactory. 
Simplicity of the electrii'al circuit, ease of operation in changing the range of stabilized voltage, 
good accuracy and low cost are the main features of the method. 
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PHYSIOLOGICAL STUDIES ON THE EFFECT OF COLCHICINE ON RICE. II. 


By B. N. Ghosh, Department of Botany, Calcutta. Univeraity, 
(Communicated by Dr. I. Banerji, F.N.I.) 

(Received Ajjril 30; read Avgust J, 1949.) 

Introduction. 

In a previous paper of this series it has been reported by the author (Ghosh, 
1948) that low concentrations of colciucine aj^pear to act as a stimulant to rice jdant 
producing more tillers and ears, and inducing early flowering with increased grain 
yield. As indit^ated previously the object of the author is to produce a stable 
polyploid rice plant by treating with colchicine since its action is known to be directly 
related to the doubling of cdiromosomes and presumably these incieased numbers 
of chromosomes may bo transmitted to succeeding generations. As a result, a 
stable polyploid rice plant may well be expected. Polyploid plants can be of mu(4i 
economic importance by increasing vegetative growdh, size of spikelets, length of 
panicles and grain yield together with resistance to uniavourable environmental 
conditions. With this end in view progeny tests have been conducted Ifom the 
50 per cent, of seeds collected from the rice jflants arising from colchicine ti eated 
seeds and seedlings without further treatment with colchicine in succeeding genera- 
tions, while the other 50 })er cent, of seeds have again been treated in succeeding 
generations with the same doses of colchicine as a}>plied to parent seeds to sec the 
cumulative effect if there be any. The descendants of the former group are called 
untreated progenies, and the descendants of the latter, treated progenies. The 
present j^aper deals with observations on vegetative growth, floWeiing and yield 
of those treated and untreated progenies. 

Experimental Procedure. 

In the present investigation the same experimental technique was adopted 
as described earlier (Ghosh, 1948). 

In 1942 seeds of Dhairal were treated with 1*0% and 0 05% colchicine for 48 
hours, while the sprouted seeds were soaked in 005%, 01%o, 0*b% and 10% 
colchicine for 2 hours; not a single seedling survived in 0-l% and 1-0% colchicine. 

In 1943 the following procedure was adopted to compare the eftects of colchic ine 
treatment in the progenies of the treated and untreateci ri(;e plants. The seeds of 
the selected plants of 1942 were divided in two equal portions. Half of these were 
sown without further treatment with colchicine solution and the other hah' were 
again treated in the same manner as their x^arent seeds. The same jirocedure was 
rex)eated in 1944. Thus in one lot was examined the cumulative efl’ect of colchicine 
treatment, if any, against the other which was not treated any further. Selec tion 
was made from the early flowering and high yielding jflants. After treatment the 
seeds were thoroughly washed with water and transferred to moist blotting jjaper 
in petri-dishes for germination along with a control set. When the seedlings w^ere 
sufficiently developed nine of them were taken from each treatment and sown in 
earthen pots (13^X lO'^) on 9th April in 1942, on 12th April in 1943 and on 1st and 
2nd May in 1944 with 15, 6 and 6 replicates for each treatment resj)ectively. After 
a week the pots were thinned, keeping only the best three plants in each pot. 
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The pots were filled with an equal quantity of garden soil which was 
dressed with l/8th part by volume of cowdung manure; a handful of bone-meal 
was also added to each pot. The pots were watered with tap water. Data 
on tillering, plant height, size of stomata, ear emergence and grain yield were 
collected. The experiment was arranged in randomized blocks. The data for ear 
emergence, number and length of ears and grain yield were analysed statistically. 

The outline of treatments given below illustrates the procedure: — 


A 

B 

E 

J 

L 


BP, 

EP 

JP 


LPi 

BPiB 


EPjE 

JI\J 

LPjL 


1942 


Control. 

•05% of colchicino solution; 48 hourB’ Bead treatment. 


1 . 0 % 

•O 50/0 

•5% 




it 


48 „ 

2 „ seedling treatment 

2 y, ff 


1943 


Progeny 

of B 

untreated 

E 

»> 


J; 



L; 

t* 


B; 

treated. 


E; 

J ^ 

• • 

J; 


• • >> 

h; 



1944 


BP 2 

BPiBP, 

EPo 

EPiEPi 

JP„ 

LPo 

BPiBPiB 

EPiEPjE 

JPiJPiJ 


Progeny of BP, ; untreated. 
BPiB „ 

„ EPj 

„ EPiE „ 

,, JPj ,, 

,, JP j J ,, 

„ LPj 

„ BPjB treated. 

ft EPjE „ 

»> JP ,, 


Experimental Besults. 

Treatment of sprouted seeds . — Sprouted seeds when treated with cohJiicine for 
2 hours show swelling of both radicle and plumule the extent of which varies with 
its concentration (Fig. 1). 

Tillering . — The tillers were counted weekly from 6 to 12 weeks after sowing. 
The figures recorded in table 1 for tiller numbers include the main shoot. 

In 1942 greater tiller number is seen in all the treated plants, the largest number 
being under 0*05% colchicine treatment; thus confirming previous observations 
(Ghosh, 1948). In L only two plants and in LPiL of 1943 only one plant survived, 
so no stress is attributed to their number of tillers. In 1943 the largest number of 
tillers was observed in BPj and in 1944 in LPiL. 

In 1944 an interesting feature of tillering is observed. The maximum i)roduction 
of tillers is reached at early stages of growth, i.e., within 7th week after sowing, 
thereafter the number of tillers either remains constant or a reduction is observed 
due to the death of some tillers. So, a definite critical period of tillering is observed 
in treated and untreated progenies, while in control the tiller production is pro- 
gressively increasing. A cumulative effect of colchicine treatment as evidenced 
by a distinct critical j^eriod of tillering is suggested. 

In 1943 in LPiL the whole plant became tetraploid as suggested by its gigas 
characters such as darker green colour of the leaves, remarkable increase in plant 
height and bigger size of the spikelets of all the ears which, however, failed to set 

IB 
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Fig. 1. Effect of varying tioses of colehicino on 
sprouted rice seeds for 2 hours showing gradual 
swellings of both radicle and plumule. 

A— Control ; B— -05% ; C— 0* 1% ; D— 0*5% ;';E— 
1 - 0 %. 


trains. The plant also tillered very profusely. In 1944, in EPiEI’iE bigger size 
of the grains of some of the tillers of some plants suggested that the tillers were 
tetraploids, the others remaining diploid. Most of the spikelets of the tctraploid 

tillers failed to develop grains. . e 

Height . — Plant height was taken from the snrlaoe ol the soil up to the tip ot 
the top leaf of the main shoot. The data are given in table 2. ... iti..-. 

Marked prolongation to reach the maximum plant height was noticed in 1 .)42 
where the growth rate was very slow. In 1943, however, the growth rate ol plant 
height of treated and untreated progenies including control was greater than the 
growth rate of the plants of 1942, while in 1944 the rate was further increased. This 
may be shown in the order: 1944>1943>1942. The final height of the plants 
of the three years were more or less the same. Although the plants of 1944 took 
much shorter time to reach the final height, they were not weak and sickly and 
looked as healthy and vigorous as plants of 1942 and 1943 that had taken longer 

period to reach the final height. , . , .v i i • 

In 1942, plants grown from colchicinot reated seeds and seedlings showed in- 
creased height over that of control; marked increase was found in B. In 1943, in 
all treated and untreated progenies plant height was greater than that of control ; 
appreciable increase being noticed in EPjE, JPiJ and LPi- In plant^ 

including control showed uniform growth of plant height ; in EPiEP^E marked 
increase in height was noticed. 
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Table 1. 

Average numh&r of tiller a per plant. 
1942 


Weeks after sowing. 


Treatment. 

VI 

VII 

VIII 

IX 

X 

XI 

XII 

A 

81 

9-6 

10-4 

11-8 

121 

12-5 

18-9 

B 

11-8 

14-5 

18-0 

19-6 

20-4 

21-2 

28-1 

E 

10-8 

18-0 

14-0 

141 

14-5 

15-1 

KM 

J 

91 

10-8 

11-8 

12-9 

18-7 

i:i-8 

141 

*L 

8-6 

41 

6-5 

9-5 

1 1 -5 

12-5 

180 


1943 

A .. lOf) no i:yA 18*6 14r> J4 8 150 

BPj .. 11:2 14-8 149 15-4 lO-l l()-2 J6*5 

BFiB .. 110 18*9 13-8 14-4 14-6 14-8 15-2 

EPj .. 10-4 12-6 12-8 18-0 18-7 18-7 14-4 

EPiE .. 9-9 19*5 18-9 14-0 14-8 14-8 158 

JPj .. 10-8 12-8 18-0 12-9 18-8 18-8 14*2 

JPjJ .. 9-8 12-8 18-9 14-4 15-2 15-5 15*7 

LPj .. 10-2 12-5 12-7 18-1 18-9 18-9 15-5 

♦♦LPjL .. 18-0 20 0 20-0 20-0 20-0 20-0 21-0 


1944 


A 

8-0 

8-0 

8-5 

8-6 

8-8 

9-2 

9-8 

BPg 

8-0 

8-7 

8-7 

8-7 

8-7 

8-7 

8-7 

BPiBPi .. 

9-2 

9-2 

9-2 

9-1 

9-2 

9-1 

9-1 

BPiBPiB 

9-2 

9-5 

9-4 

9-4 

9-8 

9-2 

9-2 

EPa 

9-1 

91 

9-0 

9-1 

9-0 

9-0 

8-9 

EPiEPi ... 

9*8 

9-8 

9-7 

9-8 

9-7 

9-7 

9-7 

EPiEPiE 

9-(> 

9-6 

9-6 

9-7 

9-5 

9-4 

9-6 

JPg 

9-2 

9-2 

9-2 

9-2 

9-2 

9-1 

9-1 

JPpIPi .. 

9-9 i 

9-9 

9-9 

10-0 

10-0 

10-0 

10-0 

JPiJPiJ : 

7-5 

7-G 

7-6 

7-6 

7-6 

7-0 

7-6 


8-1 

8-8 

8-2 

8-1 

8-1 

7-9 

7-9 

LPiL . . 

10-0 

10-2 

10-1 

11-8 

11-9 

12-2 

12-2 


* Surviving plants were only two. 
♦♦ Surviving plant was only one. 


Size of Stomata and of Pollen Grains , — Since pol\i)loid individuals are charac- 
terized by increased size of stomata and pollen grains, preliminary observation 
for detection of the induced polyploidy in rice by colchicine treatment was made 
by examining the size of stomata and pollen grains. 

The matured leaves of same stage of development wore sampled for stomata! 
measurement at 8 a.m. on bright days from the control as well as from the treated 
and untreated progenies of 1943 and 1944. The epidermis of the leaf was stripped 
of with a fine scalpel and then plunged immediately into absolute alcohol for pre- 
servation in a permanent form without any change in the dimensions of the stomata. 
The measurements of stomata were recorded after staining them suitably with 
Bismarck brown. No increase in the size of stomata due to treatment was observed ; 
they were to some extent stnaller than those of control. The data are given in 
table 3. 

The larger size of pollen grains was observed in treated progenies, while in 
untreated progenies the size was almost the same as the control. 
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Table 2. 

Average plant height in cm. 
1942 

Weeks after sowing. 


T realm (>ut. 

VI 

VTT 

VIII 

IX 

X 

XI 

XTT 

A 

32-0 

39-4 

44-9 

49-.5 

55-2 

r>8-7 

62-0 

B 

340 

421 

47-3 

r>2() 

(>0-5 

63 0 

68-3 

E 

33- H 

40-9 

49 8 

50-6 

,^>6-7 

60-8 

6r,-4 

J 

32-4 

39-8 

44*3 

48-4 

56-2 

69-7 

63-2 


23 0 

30-3 

49-3 

45-1 

49-4 

r>o-7 

60-9 


1943 


A 

42-3 

48*9 

67-2 

77-3 

84-6 

88-8 

92-3 

BP, 

43- 1 

51-4 

66-4 

75-8 

82-6 

88-1 

95-8 

BPjB 

42-5 

49*7 

66-5 

77-3 

84-4 

89-2 

94*9 

EP, 

43-4 

52*0 

69-9 

89-5 

88-2 

94-3 

99-6 

EP,E 

46-0 

56*2 

73-9 

83*2 

92-7 

99-4 

110-2 

,n\ 

44*3 

.52-9 

69-6 

77-7 

88-1 

93-6 

101*9 

JP,J 

44*5 

59-3 

67-2 

79*9 

87-9 

93-6 

97-2 

LP, 

45*9 

52*6 

69-3 

77-9 

87*2 

94-2 

99-2 

**LV^L .. 

1 55*8 

61-9 

78-5 

96-6 

101-5 

196-5 

113-2 


1944 


A 

50-7 

59-9 

66*2 

72-2 

80-2 

88-8 

92-1 

BVa 

52-8 

63-1 

68-3 

72-9 

80-2 

87-4 

91-8 

BPjlVPi .. 

59-5 

59-6 

64-3 

68-7 

74*5 

83-4 

88-6 

BP,BPiB 

51-9 

69-3 

67-7 

73-8 

82-1 

90-2 

92-9 

EP’ .. 

48-2 

57-5 

64-8 

70-5 

78-3 

89-3 

93-2 

EP,EP, .. 

52-9 

61-9 

68-0 

73-4 

79-9 

88-2 

91-7 

EPiEPiE 

56-0 

63-3 

70-1 

76-6 

82-1 

92-2 

100*1 

JPg 

48-4 

56-9 

63-0 

68-0 

72-7 

8M 

85*9 

JP^JP, .. 

54-9 

63-7 

79-1 

76] 

86-4 

94-8 

96-7 

Jl’i-IP,,! 

49-4 

57-5 

63-8 

67-7 

71-3 

79-0 

85-6 


49-6 

58-8 

66-3 

71-1 

78-3 

88-3 

91-9 

LPjL 

rc2-7 

60-8 

66-4 

72-4 

79-2 

87-1 

91-9 


* Sur\nvmg plants were only two. 
♦♦ Surviving plant was only one. 


Ear emergence . — In 1942, ear emergence occurred in both the control and plants 
from colchicine treated seeds and seedlings between the period middle of July to 
the first week of August and, in 1943, during the first half of July. While in 1944 
with a late sowing by 18 days the flowering range of all plants was the same as in 
1943. Thus the flowering duration (sowing to flowering) in three consecutive years 
varied between 96-106 days in 1942, 78-88 days in 1943 and 67-74 days in 1944. 
The data are given in Table 4. From statistical analysis of three years' data of ear 
emergence it is found that colchicine treatment induces no significant earliness in 
flowering, but significant retardation in flowering at 5% level from control by 
repeated doses of 1% and -05% colchicine on seed and seedling progenies (EPiEPjE 
and JPpTPiJ) respectively is noticed in 1944 (Table 5). A marked difference in 
earing time as noticed in three successive years appears to have been due to the 
use of selected seeds from early flowering plants of both control and treated and 
untreated progenies. 
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Table 3. 

Measurement of the size of stomata {average of 75 observations). 
1943 


Troatnioiit. 

Length. 

Broadtli . 

A 

:n*3‘)0 fi I 

21- 109 fi 


27-224 „ ! 

18-992 

FA\1<: 

20*980 

20-227 „ 

UhL 

28*28:^ .. 

20-750 


A 

1944 

31*040 „ 

19*522 „ 

BPiBPj 

25-225 „ 

16-993 „ 

BPjBl’jB 

26*636 

17*404 „ 

EPjKPi 

26*284 „ 

17-640 

in\EP,E 

28*812 „ 

18*522 „ 

JPiJPi 

26*:U2 „ 

17*816 „ 

JPiJP. J 

27*095 „ 1 

17*810 „ 

LP 2 

27-107 „ 1 

17-287 „ 

hI\L 

29*165 „ 

17-810 „ 


Number and length of ears . — The total number of ears per plant was counted 
at harvest. The data are given in Table 4. 

In 1942, maximum number of ears was found in B, thus confirming the previous 
work (Ghosh, 1948), In higher concentrations and in seedling treatment the 
number decreased from that of the control. This result is statistically significant 
at 1 % level (Table 6). The diflerences in the number of ears per plant between the 
control and the treated and untreated progenies of bot h 1943 and 1944 do not appear 
statistically significant. This indicates that the ear number of the progenies of 
both 1943 and 1944 remains unaffected by further doses of colchicine in successive 
generations. As for the number of ears in the three successive years it was found 
that in 1943 ear number was greater than in 1942, while in 1944 the number was 
less than in 1943. This variation in ear number of both control and treated and 
untreated progenies in three successive years is possibly due to the environmental 
conditions which vary from year to year. 

The percentage of ear-bearing tillers of both treated and untreated progenies 
was found to increase in succiessive years, except in EPjEPiE and EPjEPi (the 
treated and untreated progenies of EPjE of 1943) where percentage of ear-bearing 
tillers was found less than in EPjE of 1943. In 1942, greater number of tillers were 
found sterile. In 1943, the number of sterile tillers decreased, while in 1944 almost 
all the tillers bore ear-heads, the percentage of ear-bearing tillers being greater than 
in the (control. This indicates that in 1944, al^most all the tillers of both treated and 
untreated progenies bore ear-heads and a large number of tillers of the contTol 
plants did not bear ears or died immature. 

From statistical analysis of the data of efir length (Table 7) it appears that the 
repeated treatment with 1% and -5% colchicine in 1944 on seed and seedling 
progenies (EPiEPjE and LPjL) showed a significant increase at 1% level over the 
control, wliile in 1943, the differences between control plants and treated and un- 
treated progenies were not statistically significant. This shows a cumulative effect 
of colchicine on ear length in 1944. 
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Table 4. 

Showing number oj days for ear emergencct number and length of ear 8^ grain yield and ears as P,C. 
of maximum number of tillers. 

1942 


Treatment. 

Number of 
days from 
sowing to 
flowering. 

Number 
of ears. 

Length 
of eai’s 
in cm. 

Grain yield 
per plant 
in grm. 

Ears as 
P.C. of 
maximum 
number of 
tillers. 

A 

105-9 

4 2 


2-4 

30-4 

B 

99-7 

8-2 


5-0 

33-4 

E 

103-5 

4-0 


2-6 

23-5 

J 

101-2 

3-6 


2-3 

24-3 

*L 

96-5 

9-0 


10-8 

69-2 


1943 


A 

85-4 

8-6 

20-5 

7-7 

57-6 

BP, 

82-4 

10-5 

19-5 

16-2 

69-6 

Bl\B 

82-8 

9-2 

20-4 

10-5 

60-5 

EP, 

82-1 

10-4 

20-9 

12-3 

72-2 

EPiE 

79 1 

15 0 

22-6 

28*6 

82-3 

jp, 

80-3 

10-8 

21-1 

15-7 

76-0 

JP,.7 

84-8 

10-3 

21-5 

11-9 

56-0 

I.P, 

82-3 

9-6 

21-5 

10-5 

61-9 

♦♦LPjL . . 

78-0 

21-0 

24-0 

Sterile 

100-0 



1944 




A 

69-1 

6-2 

16-4 

6-68 

66-7 

BPg 

71-5 

6-7 

I 16-8 

6-04 

' 77-0 

BPiBP^ . . 

70-7 

6-7 

15-3 

5-31 

72-8 

BPjBPiB 

68-7 

1 7-0 

1 6-5 

6-77 

73-6 

EP^ 

69-6 

6-7 

16-0 

5-85 

73-6 

.. 

70-7 

6-8 

16-4 

5-81 

1 69-3 

EPJCPiE 

73-3 

! 6.-8 

19-6 

1 9-96 

67-0 

3P., .. 

71-6 

7-1 

145 

5-76 

78-2 

. . 

67-2 

7-2 

17-1 

7-82 

72-0 

JIVIV .. 

74-1 

5-7 

15-3 

4-82 

75-0 

LPo .. 

70-2 

6-4 

17-0 

0-11 

69-8 

LPiTv 

72-8 

9-8 

18-3 

10-85 

69-6 


♦Surviving plants were only two. 
Surviving plant was only one. 


Table 5. 

Analysis of variance of the data of the ear emergence^ 1944. 

Source of variation. ^reedoni^^ Moan square. Ratio. 

Between troatments .. 11 23-7245 2-3221 

Within treatments .. 60 10-2141 

Conclu. JppJpj, BpjBpjB, Cent., Ep,,, Lpg. Ep^Ep^, Bp^, Jp^, Ep^Ep^E, Jp^Jp^J. 

I, 1 ^1 1_I — I 1 III 


1 Significant at 5% level 
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Table 6. 


Analyfiis of variance of the data of the nnmher of ectrSy 1942. 


Source of variation. 

Degrees of 
froodoni. 

Moan 

Squaio. 

Ratio. 

Between trcatirieut8 


r)8-:n6(> 

11-5651 

Witbiii tr(>atme]its 

i>(> 

5 0474 


Con<-lu8iou: 

: B> > Coni., E, 

J. 



i I 


Table 7. 

Anahjfih' of variance of the data, of ear lengthy 1944. 

Source of variation. freedcm/^^ Mean Square. Hatio, 

4-8971 


Between treatments 
Wittiin treatments 


11 

t)0 


11-2927 

2-8056 


Conelii- Ep^Ep^E, Lp^L, JppTp^, Lpg, Bpg, Bp^Bp^B, EpjEp^, Cent., Ep^, JpplppT, Bp^Bp^^ .Ip,^ 


1 Significant at 1% level. 


Grain Yield . — Tn 1942, maximum grain yield was found in B which is statistically 
significant at 1 % level. In 1943 grain yield of all the treated and untreated progenies 
increased over that of the control ; an improvement at 5% level of significance being 
in EPiE. In 1944, treated progenies (EPiEPjE and LPjL) showed significant 
increase at 1 % level in grain yield over the control, while the other treated )irogenie8 
and also the untreated iirogenies showed no significant difference in grain yield 
from that of the control (Table 8). As has been noted before that some of the tillers 
of EPiEPjE produced considerably bigger grains (Fig. 2), indicating that these 
tillers became tetraploids, the others remaining diploids. The individual weight 
of the bigger grains of the tetraploid tillers and that of the normal grains of the 
diploid tillers were found to be 31-00 mg, and 25-80 mg. respectively. It is inter- 
esting to note that the single grain weight of both tetraploid and diploid tillers of 
EPiEPjE was greater than that of the control plants; the single grain weight of 
the control plants was 24-20 mg. In all treated and untreated progenies of 1944 
the number of sterile grains per plant increased over that of the control; marked 
increase of 145-6 and 69*8 per cent, in grain sterility over the control was found 
in LPjL and EPiEP^E respectively, thus indicating that to some extent treatment 
with colchicine leads to sterility. 

On the tetraploid tillers of EPiEP^E tiny little awn was found to develop only 
on two apical spikelets, all the other panicles re?n^ining awnless. The awned 
si)ikelets were not developed into grains. In EPjEPjE one sheathed ear was noticed 
but the grains of it failed to set. 
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■'V 


V ■ ''w" 

C ’rX . 




Fig. 2. Showing grains of rice from tlie 
control, and from the totraploid chimera. 
Note bigger size of grains in latter. 


Discussion. 

The tillering data presented in this paper (table 1) show clearly that in 1942 and 
1943, t^ number of tillers increased with time in both control and treated plants. 
In 1944, the maximum number of tillers was produced within 7 weeks after sowing 
in treated and untreated j)rogeniea and thereafter the number of tillers either re- 
mained constant or decreased, whereas in control the number continued to in- 
crease up to 12 weeks. So, a cumulative effect has been obtained by colchicine 
treatment as evidenced by a distinct critical period of tillering in treated and un- 
treated progenies of 1944, Engledow (1923, 1924 and 1926) in his wheat experiment 
stresses the importance of early tiller formation as an index of high yielding capacity 
in a variety. Grant and Thein Aung (1941) have observed no definite critical period 
of tillering in rice under lower Burma conditions, while Ramiah and Narasimhan 
(1936) obtained a definite critical period of tillering in rice. 

A clean tetraploid plant was obtained in LPiL in 1943 but the plant failed to 
set grains. In 1944, in EPiEPiE diploid and tetraploid chimeras having longer 
ears and bigger grains were obtained. It is expected that in subsequent generation 
a clean tetraploid might arise from these bigger grains. Blakeslee (1939) observed 
in Datura stramonium grown from a seed treated with colchicine both 2n and 4n 
branches, and an explanation has been given by Bergner et al, (1940) that when seeds 
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Table 8. 

Statistical analysis of grain yield data. 


Analysis of variance of grain yield data, 1942; 



Source of variation. ^froXn^ 

Mean Square. 

Ratio. 

l^ctween iroatmonts . . 3 

Within treat inonts . . 50 

21-1626 

3-2972 

6-4181 

Conclusion: B>E, Cont,, 
1 

J. 


Analysis of variance of grain yield data, 1943; 



Between treatments . . 7 

Within treatments . . 38 

219-6934 

76-1034 

2-886 2 


Conclurtion: Ep^E > ^ 


:i. AiialyHis of variance of grain yield data, 1944 : 

Between treatments 11 20*5033 2-7121 

Within treatments . . 00 7-5579 


Concdu- LpjL, PJp^EpjE, -Ip^Tp^, Bp^Bp^B, Cent., l^p^, Ep^, EpjEpj, .Jp^, Bp^^Bp^, dp^Jppl. 

sion. I I j 


1 Significant at 1% level. 

2 Significant at 5% level. 


are soaked in eolohicine solutions for varying lengths of time different cells in the 
epicotyl may he affected differently. Consequently the j)lant that develops may 
he a chimera of one sort or anothej-. 

There was little effect of the colchi(*ine t reatment on stomata! size and if at ail 
any it tended to reduce it. Tlie size of the ])ollen grains was larger in treated 
progenies. Sears (1930) has also ohsorved no changes in the size of stomata as well 
as in external structures of the induced })oly])loid material of wheat crosses. Blake- 
slee (1939) states that larger size of stomat a is characteristic of tetraploids but this 
holds stri(dly only Ibr (‘om})arahle leav(\s. Stomatal size was found a reliable 
criterion when the stomata, were taken from the floral bracts of femal^ The 
induced polyploidy can be detect (;d mor(3 accurately by the measurement oi pollen 
grains than of stomata (Dermcn, 1949). But the surest way of detecting polyploidy 
is the actual counting of chromosomes. 

In 1942, significant increase in grain yield over the control was noticed in B, 
thus confirming the ])revious observations of the author (Ghosh, 1948). In 1943, 
marked increase in yield was observed in EP^E, and in 1944, in EPjEPiE and 
I^^PiL. Colchicine apjieared to retard car emergence particularly in treatments 
EPiEPiE and JP 1 JP 2 J (Table 5), thus contradicting the observations reported 
previously (Ghosh, 1948). Awn was found to develop on two apical spikolets of 
the tetraploid tillers of EPiEPiE and one sheathed ear was also noticed in the same 
treatment. The ocKturrence of sheathed oar and awn on apical spikcdets was caused 
hy the cumulative efFcct of colcincine which was discussed in an earlier paper 
(Hedayetullah and Ghosh, 1940). Some of the tillers of EPjEPiE produced bigger 
grains suggesting that they were tetraploids and their single grain weight was found 
28-1 x>cr cent, great er t han that of the control. Tetra])loid jilants may be expected 
from these bigger grains. Chen 8hao-lin and Tang (1945) have reported that 
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colchicine-induced aiito-tetraploid barley seedlings are better resistant to drying 
than the normal diploids. Mtintzing (1936) states that })olyploids are more resistant 
and more adajjtable to adverse environmental conditions than the diploids. Whether 
the tetraploid plants from bigger grains of EPiEP^E will prove to be of economic 
value still remains to be seen. 
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Summary. 

Sprouted ami unsprouted seeds of Dhairal, summer {mis) paddy, and tlioir progenies in Ihrre 
generations (1942, 194-3 and 1944) were treated with different/ concentrations of colcliicine for 
various lengths of time. 

The sprouted seeds when treated with colchicine .showed swelling of both radicle and plumule, 
whereas in unsprouted seeds only plumule swelled. The swelling of radicle and plumule increased 
with increase of colchicine concentration. 

A definite critical period of tillering up to 7t h week of sovdng wa.s foui^d in botli the treated 
and untrt'ated progenies of 1944, while in the control the tiller nund)er continued to incrcas(; till 
the I 2th week after sowing. In 1942 and 1943, no such critic al period of tillering was obseT’vcMl. 

In 1943, a clean tetraploid plant was obtained from sprouted sc^ed when treated with 0 .5 
per cent. c*olchicino fc^r two consecutive generations, but the grains of it did not sot in. In 1944 
tetraploid tillers ^\dth bigger grains than tho.so of the control were noticed in some x^hmts grown 
from seed treated repeatedly for three generations witli It) x>cr cent. c;olchicinc< for 48 hours. 
The single grain weight of the bigger grains was found to be 28*1 x)er cent, greater than that 
of the control. Whether the jdants grown from the bigger grains prove to be of economic 
importance remain.s yet to bo seen. 

There was no increase in the size of the stomata in different treatments of the treated and 
untreated progenies, while the pollen-grain size was found to have increased in tlie treated 
Xjrogenies only. 

Colchicine seemed to ha\o no effect on the ac^celeration of ear emergence; on the contraiy, 
in 1944, significant retardation in dowering due to cumulative effec t of colchicine was notic'od in 
plajits gr(.)wm from seeds aiid seedlings treated for threc'i successive generatioiis with 1*0 x>er cent, 
and per cent, colc hicine for 48 and 2 hours respec‘tively. 

As regards grain yield, the untreated progenies show’-od n<^ significant imporvernent, while 
treated j)rogenies gave increased yield over the control. In 1942, yield inci’eased in *05 j)er cent, 
colchicine treatment. In 1943 and 1944 progenies tre^ated suc*c*<^S8ively for twa) and three 
generations wdth 1*0 per cent, colcdiicine for 48 hours showcxl significant inc'rease over the control. 
In 1944, an increase w'^as also notic*ed in plants from spro\ited seeds treated for tw^o suc'cc^ssivo 
generations with 0*5 per c*ont. colchicine for tw'O hours. 
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Abstract. 

The jHiper is coiicerued with an inv^estigaiioii of a new type of partitions in whieh 

tho total number of siimmandH is unrestricted but the number of different summands that can 
occur is only N. Tho problem is tn>at(.d analytically and asymptotic formulae hav^' be<Hi 
derived in the two limiting cases : {i) when N is very largo aj)d {ii) when it is small. The 
case when N is unrestricted is also dealt with. 

1. Introduction. 

An interesting application (Auluck, Kothari, Agarwala, 1946-47) of the methods 
of statistical thermodynamics has recently been made to the X)roblem of the 
partitions of numbers. A thermodynamic ijivestigation of the jairtition theory 
suggests new tyj)Os of problems and draws attention to various generalizations of 
the partition conce}>t. The problem of partitions corresponds pliysically to an 
(^valuation of the number of stat(^s accessible to a. thermodjrnamie assembly suitable 
for a particular partition function. If, for example, the problem be to evaluate 
the partitions of an integer n into smaller positive integers, no restriction being 
placed on either the number of summands or the re2)etition of any summand, tho 
suitable thermodynamic assembly is one of linear Boso-Einstein oscillators in which 
the individual energy levels are equidistant and given by e< = i A where i = 1 , 2, 3, 

and A is the spacing of the levels. The required partitions of n then corres- 

jx)nd to an evaluatioir of the accessible states of tins assembly when in the energy 
state E = 71 A. This number, as is well known, is given by the coefficient of in 
the development 

oo 

Z= IT {l+x'+x^‘+x3‘ + ), 

t = 1 

where *= 

By a suitable modification of this assembly one can impose restrictions on tho 
number and nature of the summands. Thus if in the above example we require 
partitions into a fixed number k of summands the number of oscillators in the 
assembly must be restricted to k and the partitions are then enumerated by the 
coefficient of in the expansion 

Z= 77 (l+^r«+J2r2'^^^+ ). 

If in addition t(^ integers we also require half odd integers to occur in the partitions 
of n and allow any summand to repeat only an odd number of times the states- 
function of the corresponding thermodynamic assembly will be given by 

Z= il + + ), .. . . (1) 

1 

and tho partitions into a fixed number of summands k will again be enumerated 
by the coefficient of f ^ x” in the above expansion. What restricts the total number 
of summands is obviously the power of 1. 
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An interesting problem arises when we consider the generating function * 

oo 

2= /I ) (2) 

i — 1 

8inco the powers of x in (2) are the same as in (1) the generating fimetion (2) will 
still enumerate partitions into integers and half odd integers repeated only an odd 
Jiumber of times with one important dilferenee that while the power k of J oeem ring 
in (1 ) restricts the total number of summands to a fixed number k this power in (2) 
restricts not the total number of summands but the number of different f summands 
that can occur. Such partitions, we believe, have not been considered before and 
it is, therefore, of interest to investigate the problem in detail. 

In setdion 2 we give a general expression for the number of accessible states ol* 
the Boin-Peng assembly. In section 3 we evaluate the partitions of n in the above 
sj)ecitied manner when the number N of the types of summands that can ocanir in 
large and in section 4 the partitions are evaluated for small N. These are the two 
limiting cases. In section 5 we solve the same problem for f = I which rerru)ves 
the restriction on the types and, therefore, enumerates the partitions of n into 
integers and half odd integers repeated only an odd number of times. 

2. The density p{E, N) of energy levels. 

In the customary theory of Born and Peng the energy levels c,- of the ‘ radia- 
tion' oscillators are assumed t o be half odd integral and capable of accommodating 
1 , 2, 3, ... . quanta. For purposes of interpretation in the ])art ition theory we shall 
assume that in the states-function (2), which when written out in detail is 



the energy levels are 1, 2 . . . and each of those levels can admit only an odd 

number of quanta, i.e., wo assume 

€i = iA(i = I, 2, 3, . . .) and A = i . 

To evaluate the requir(Hl partitions of 7i we have then to evaluate the (^oefiii ient of 
in the expansion (2). This is the same as evaluating first the coefficient 
of (E = « A) in the development 

n ( 1 + . . . ) (3) 

i=l,2, 


* Thiw function arises in the rocout theory (Schrodinger, J94(i) of Born and Peng in 
wliich tlK^se authors in an attempt to got rid of tho infinito self-otvorgy of the radiation field 
attribute to any one of the ‘ hohlraum ’ oscillators two fundamentally differerd Bituations. 
It can either be not excited at all when it lias the energy zero or excited wheji it has one of 

the energies f. hv^, I whore is the frequonc^y of tho /?th oscillator. It 

further assumed that the number of excited oscillators is only N, The ‘ Zustando ’ of such an 
assembly is given by (2). 

•f Consider, for instance, the number 8 partitioned in the following manner : — 

In the generating function (1) the above partitions of (8) would correspond to the coefficient 
of 4® while in (2) where the types of summands are restricted and not the total number, those 
partitions will correspond to tho coefficient of 4*. 
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E 

and then putting ~ = ii. The coefficient of in (3) is given by 


'^'‘’■''>-(55?/^ 
1 


f. \ X i'i 3 


dl dx 


<^{C. a-), 


dxdt, 


(4) 


(2-ni)^7J t X 

where the integrals are taken over closed contours round tlie origins of tlie complex 
{ and X planes and 

,>M’ *) 

*) = -pF-r > 




with 


M, 




(•">) 


The integrand has along the real x and ^ axes 8harx> minima at ^ = a and a: = 6 
where a and b arc given by 


da dtj 


(fi) 


By letting the paths of integration pass througb these jioinls one can apply the 
usual method of steepest descents for the evaluation of (4). The result {L\ct and 
Uhlenbuk, 1937) is 

p{E, N) = j==== ex]) • • • . (7) 


where 

and 


27r ^ 

a-1 ==z ) 

6-1= e2i5V 




( 8 ) 


ki = ab 


ay 

dadb ’ 


(9) 




3. Calculation of p (Ey N) when N is very large. 

From (5), using (8) we have 

CO fX, 

= "- 2 log (l — 4- 2 log (l 

€= 1 

/ 6-2?^ \ 


e= 1 


( 10 ) 



150 Ir. C. AtJLUClL, K. S. SINQWI & B. It. AUABWALA : ON A NEW TYPE OP PABTlTlON 


- 2 log (1 -e = ^+i log log (2Tr)+0(i8). . . (11) 


2 log (l+e-“ -^‘) = 2 (l+e-“) 


= log *-ilog (]+<r“) + A_^, 

^ 0 

where we have replaced the summation by uii iiilc grai ion using tlie Euler-Maclaurin 
formula. Consider the hitogral 


log = i8 --- 


^\d de 


1 + 2 J fU 1 


Using iSommerfeld s lemma we have 


log ( I ,U I- y") > 

2 •• 


so that 


Considering the last summation in (10) wo have 




j L i+c-“-^‘ (14-e-oc-^e): 




14 .,; 




</e + (»("“) 




+(»('»“) . 


P is a very small quantity (see equation 18) and a~> — cx). If we negdect quantities 

of the order of ~ and less the left side of (13) tends to zero. We thus have from 
P 

equations (10), (11) and (12) 


Ha.,P) = ^(a’^+^)+|+^+il‘'g log ^’^+0 . 


•• (14) 
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From (6) and (14) we have 

^ *36 2 9j8 4j8d 4)8 '24 ( 


and 




da doL ^ ‘ 


f ■■ 


•• (J5) 


It can be shown easily from (8), (f)) and (14) that, to the desired order of approxi- 
mat ion, 

Icoko—ki^ = ^4 (!•>) 

Also 


From (15) wo have 
BO that 


«A^,+2)3A’+/(a, /S) = J - 5 »«g | i 


OL jSA', 


or 


giving 


1 77^ 




77^ 




(17) 


(18) 


The expression (7) for p(E, N) becomes with the help of (l(i), (17) and (18) 
p(E, N) 


A.)f 


If A denotes the spacing of the individnaJ energy levels (in our case A = J) the 
number of partitions F{)i, A") of a large number 


71 = 


£ = A 

A “ 1/2 


into exactly N typos is 


P(n, N) = 


1^. 






or 

= 8(4,;-! ,v l )l (19) 

The above formula holds only for large values of N and 11 we plot 

P(n, N) against N the maximum is oxjK^cted to occur somewhere near A'^nl and 
therefore the formula holds only at the tail end of the curve. 


2 
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4. Calculation of p(E, N) for small N, 

We consider the case when a is large and positive. We have 

/(«, 6) = 2 log (i = 2 log (i . 

e~l ^ 'c=l ^ ' 


N=^a- 


; ^ 2 a 4*2 si 


sinh 


r .1/A 

)8 J a +2 sinh x 2 "^6 ( \^/ j 

Now for small values of a (a->0 since a = e~~“) we have 


so that 


We further have 


f” ^ = - log . 2+« 

a+2sinha: 2 ® / f,\ ' 2— a ’ 

Jo rv^'^v 

= ~ (log 2+1 +^^ _ I +i /Se“ +0f (/3e“)»} . 


E=b^=- 'S g coth _ 3 D _ 1 p 6 coth P 
^ t — 0 ^ ^ ^ J ^ +2e“ si 


1 j € coth Pf.de 1 e“ 

2 J l+2e“sinh^e ~ W^Tz' 

0 


Denoting the first term in (22) by 1 and putting c = 2c^ we have 

pQO 

, 1 X coth X dx 

2p^ 1 4 -c sinh x ' 

^ 0 

Putting sinh x = zjc^ and integrating by parts we have 

J dz , 1 +z J 

I — log dz, 

(c 2 +z 2 )V 2 ^ 2 

or on putting z =: c tan 0, 


1= \ log 


(‘+^) 


sec 6 do 


(—log c— log tan ^+c tan^— J c2 tan2 6>+J tan^ secOdO 


\rrj Z 

/cot 0 

COt2 0 

J cots 0 ^ 



2c2 

^ 3c8 J 


sec 0 do, 


where tan A = 1/c. 

2B 
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Performing the integrations term by term we have 

I = (V w-c) log - jVi^) + ^ § (1 +<=")* 

- 1 (1 +c*)*+^ log (c+ a/H^) (1 -Vr+T*) 

{fVr+^-log (c+\/r+^) } - (2-(l +C2)* (2-c2) } 

|1 1 1 il3 1 1 1.3.5 1 1 

2c3 32 ^ 2.452 c6 2.4.G 72 c7 

Hence the expression for E becomes 

*’=^{2 1og2+«+H+^/5%2a_;Se“| (23) 

for values of c « J>1 . 

jS is a very small quantity and if wo neglect quantities of t he order of (21) and 
(23) become 

and 

For large a 

• • (24) 

Prom (6) and (24) we obtain 

/(«, 

80 that 

(xN -^2fiE +/(a, fi) ^ (xN +^pE (25) 

Also 



and therefore 

E E 

« log ^ 2 + log log — . 



( 27 ) 
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Using (27) in (25) we get 

a2V+2^£'+/(a, sa iV ^log ^g+log log ^ 2 +^) ^ ^ 

It may easily be shown that 


/y2^ — 2a 

koh-ki^ 


Substituting (28) and (29) in (7) we get 


16)34 


(29) 




Since the spacing of the levels is | (energy units) we have 

P(/^ N) 


1 2V 






(30) 


Expression (30) is vaJid for values of N i.e., on the left of the maximum of the 

P(n, N), N curve. 


4. Partitions whe7i the types of swtnmands are mirestricied : 

In this section wo shall consider the case when there is no restriction on the 
types of summands that can occur. This is achieved by putting { = 1 in the 
generating function. We shall in whal follows consider only the partitions into 
integers repeated an odd number of times, since th(^ partitions of 2n into 
integers can be looked upoji as the partitions of 7i into integers and half odd 
integers. The generating function to be considered is then 

/((r) == n (1 ) 

1 


= 0+-ri^)(i+ra)(i+i^) 


( 1 4-:^ — a’2)( 1 4..r2 1 _;).«) 

(l-a:2)(l-a4)(l^a:6) 


(31) 


We have to find the coefficient of .r« in (31). If this coefficient is denoted hy co( 7 i) 
we have * as usual 


a}{n) = 


(Mh) 


(-!)*■ ■' 


.. (32) 


where 


Now 


X = e n 


'*), z(ft) = w^+log/(c->'). 

00 _ 00 

log/(e“^) « 2 log log ^ 33 ^ 




r=:^l 


* For a proof see Auluck, F. 0., and Agarwala, B. K., loc. cit. 
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Tlierefore 


Again 


® 1 

n - — r^ = — j=- V fi- 

r = i l—e Ytt 




• • (34) 


ou 

Z log = 2 log (l+e-'-"- 


fl- 




where 


Therefore 


Pi{,>) = - 2 


2 )og(l+e '■/*— e~ ^'•p) = log (l+r 2 m»') ^ /x+0 ., (35) 


Denoting the integral on tivc right-hand side by /j and putting e = sin^ we 
have 

2 

/i = - log (1 -fsin^ 0 cos2 0 ) cot 0 dd 
^ 0 


I r log (l+sin2 0 cos2 0) 
u sin 0 (u>s 0 


{sin 0 cos 0 — ^ sin^ 0 cos^ sin*' 0 eosE» 0— } d0 


(•40313). 


.. (36) 


Substituting (34), (35), (36) in (33) we have 


log /(e ^ + i log +0(;t) , 


where 


. . (:i7) 


y*-^+- 40313. 
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From (37) we have 
which gives 


-^log/(e 




2^’ 


fi 


y_ 

'S/ n 


471 ‘ 


For z{fi) we get 

z{^) = n/, + log /(m) = (l +4r\/^) +i log 



— 4 log 77 +0(fi,) ft=! 2's/ n Y—l log j ■ • • 

H' 

Also 


a77 _ 2y2 1 

dfi 2/i2 


Using (38) and (39) in (32) wc obtain 


co(n) = 


y 

27777 


2yjn 

6 


]d3 4 

27tn 


exp 


{2-268V/? }. 


(38) 

(39) 

(40) 


The partitions into integers and half odd integers can be obtained from (40) by 
replacing n by 27? so that 

P(7?) == {3*206\/?7.} • 


P[n) thus represents t he partitions of n into integers and half odd integers repeated 
only an odd number of times. 

Our thanks iire due to Professor I). S. Kothari, for his keen interest and helpful 
discussions during the course of this work. 
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Stipules in the family Moraceae have attracted the attention of botanists, 
particularly of the morphologists, since very early times. Trecul (1846) noted in 
the family Artocarpae (— Moraceae) all stages of stipules from single to a x>air to 
each leaf, their axillary and free positions, their enormous development in some 
cases and their horizontal and oblique insertions on the axis. Hooker (1885) 
considered the huge stipules of Ficus elastmi with their ‘close x^arallel nervation 
(almost resembling that of Monocotyledons) as unmistakable diagnostic character 
of the species’. Porter (1891) noted the protective function of these structures in 
the species of Artocarpus in the temperate and tropical countries. In 1895, Lubbock 
published his classical work on the Stipules, their form and function. In 1897, 
Tyler published his dissertations on the nature and origin of stipules. In these 
two works all facts known till then have been incorporated. Tyler quotes 
a very interesting observation of Colomb (1886) who regards tlio sheathing stipules 
of Ficus and Magndlia as transitional stages between ochrea and stipules proper. 
In his later publication (1887) he regards them as axillary ligule. 

Goebel (1905) distinguished the single stipule of F. elastica as an axillary stipular 
sheiith, and those of A. integrijolia as a pair of free stipules. According to liim the 
earlier the union by the transverse cushion (a new formation) takes place, the more 
the axillary stipules appear as a single structure, and if the 8 ti 2 )ules become united 
also upon the side opposite to the point of insertion of the leaf, a closed sheath must 
bo formed. Besides noting the transverse cushions at tlie node, Goebel, it appears, 
has not studied the contributions of these structures to the development of stipules 
in these species. 

The stipules of A. integrifolia, F. religiosa and F. elastica have been described 
as bud scales or tegmenta in our general botanicfil text-books and manuals (Asa 
Gray, 1879; Green, 1897; Vines, 1910; Strasburger, 1930; Priestley and Scott, 1938 ; 
and others). Bud scales are scale-like foliar organs which invest the resting bud 
(Foster, 1§29, pp. 126) and almost any part of a leaf may develop into a bud scale 
(Priestley and Scott, 1938). 

With the exception of Goebel who has mentioned about the early or late fusion 
by the transverse cushion as determining the nature of the stipules in these plants, 
the author is not aware of any literature dealing with a detailed ontogeny and 
development of these structures, and the present communication records the result 
of such studies so that their morphological nature may be best understood. 

Methods of studies have been the same as in previous communications (Mitra, 
1945, 1948, 1949). All outline drawings and cellular details have been drawn under 
a camera lucida with magnifications noted against each figure. 
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cauline and is not continuous with the leaf scar (cf. Morus^ Cross, 1937). Figures 
3 and 4 show arrangements of stipules and leaf primordia in a cross-section of a 
terminal bud in each ease. A pair of stipules overlap each other by both their 
margins and enclose within them successive younger leaves and their stipules. 

Leaves of F. elastica, on the other hand, possess a single stipule each (Figs. 2, 
a and 6). Each stipule has a short, longitudinal split at its apex along the line of 
fusion of tho anterior edges and is much bigger and robust in size and texture than 
the stipules of the other two s])ecies. Figure 5 shows arrangement of stipules and 
leaf primordia in a cross-section of a terminal bud. The stipular scar is formed 
around tlie axis and is obliquely extended into the upper internode, much above 
the insertion of the petiole of the leaf to which the stipules belong. The leaf- bases 
in all the three species are either imperceptibly free (A. integrifolia and F. religiosa), 
or not at all (F. elastica), from the axis. In tho case of F. elaMica tho stipule opens 
only at its posterior margins, whereas in the other two cases the pair of stipules 
o})en both at their posterior and anterior margins. 

Origin and early development of the Leaf Prtmordittm. 

Figure (> is a median longisoction through the apex of a vegetative bud of 
F. rcUgiosa. Similar set;tions through the shoot aj)ice8 of tho other two species 
show similarity in ct‘llular organization and in the origin of leaf primordia. Th(‘ 
meristom at the shoot aj)ex consists of two tunica layers (Tj and T 2 ) and a (corpus 
(C) without any evident zonation. When a leaf is initiated transverse extension 
of the a])ical dome takes place in a particular sector. This extension is brought 
about by ant iclinal divisions in tho two layers of the tunica. This is closely followed 
by simultaneous jierictlinal divisions in the inner tunica derivatives and the outer 
corpus layer of this region resulting in a Imni]) like outgrowdh on the side of the 
ai)ical dome (loaf (uricrgcncc) (Fig. b). Tlu^ erection of the primordium progresses 
under the influence of the acropet.ally differentiating desmogen strand (its median 
bundle) coming iq) from th(^ axial ring. Tho ])rotoxylem is seen to differentiate in 
this desmogen strand at the base of tho freo limb and its progressive differentiation 
is acropotal in the hitter and basipotal in the axis. Later on, as many as 15 or 17 
lateral trace bundles enter tlio two arms of tho base of the primordium as it extends 
tangent iall\’ around t he axis. The t wo arms of the base at this stage show' unequal 


Explanation of Text-figs. 1-8 (p. 158). 

1 . a (\ Tomiinal buds of F. religiosa (Figs. (I'-c) and A . iniegrifolia (Figs, rf-e), showing leaf scar 
(L.sc.) and t he insertions of stipules at the nodes. Fig. ci — stipules enclosing the shoot apex 
and tho i ntioresconee while Fig. r — stipule.s (UK-losing the shoot apex only. All — | Nat. vSize. 

2. a and b. Tenninal hud of F. clashca ; a, showdng stipular scar (st.sc.) and leaf scar (L.sc.) and 
6, showing a single stipule (st.) with a s])lit at its ai>ical region and its parallel nervation. 
J Nat. Size. 

J], Transection of a tenninal bud of F. reliqiom, L^, Lg, Lg, Lg and Lq are loaf primordia 
with their corresponding stip\des (stj, stg. stg, st^, stg and stg). x 1 1. 

4. Transection of a terminal bnd t)f A. integrifolia, L^, Lg, Lg and are leaf primordia w'ith 
their corresponding stipules (stj, st g, etc.). x31. 

5. Transection of a terminal bud of F. clastica. Lj, L 2 , etc., are leaf primordia wdth their corros- 
pondijig stipules (st^, stg, etc.). x 11. 

6. A median longisoction of F. rcUgiosa show ing-collulnr organisation and initiation of leaf pri- 
mordiiim (Lj)) at tlie apex. and T 2 — the outer and iiuuT layers of tunica respocdiv^ely 
and C — tho eorj)us. For oxjdanation see text. x477. 

7. Showing courses of tho median (M) and the lateral traces (Lj, Lg, etc., and L'j, L'g, etc.) in 
tho axial component of F. rcUgiosa in a split condition. 

The splitting of tho median tra(*e has not been shown. Arrow indicates the j^rogross of 
braiuLing of the laterals of the arms and .their gradual linking up. For explanation see 
text. Pet. log. — central region of the base and st.tr. — stipular trace. Diagrammatic. 

8. Showing courses of tho median (M) and tho lateral traces (as indicated by numbers in Fig. 7) 
in the axial component of F. elastim in a split condition. The splitting of the median trace 
has not been shown. Arrow indicates tlie progress of branching of the laterals of the arms 
and their gradual linking up. For explanation see text. J^iagi’ammatic. 
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development and this appears to be due to unequal number of laterals (consequently 
food supply) they receive from the axial ring. The leaf-base shows considerable 
radial extension of its central region containing the median and immediate lateral 
traces. 

Figures 11, 15 and 19 show that the base is never free (F, elastica) or free only 
for a very short length (F. religiosa and A, integrifolia) from the axis. The leaf- 
base, therefore, in these species, forms a thick mantle (skin) round the axis (internode) ; 
it grows and elongates unitedly with the growth and elongation of the axial core by 
intercalary growth of their cells. The internode in these species is thus made up 
of an axial core and a thick skin which belongs to the leaf. The base and the axial- 
component of the leaf are equivalent structures in each case and to an external 
mgrphologist the leaves of these species appear to consist of the blade and the petiole 
without any base, and it becomes difficult on external morphology alone to conceive 
the bud scales as leaf-base outgrowths, i.e., stipules. 

Origin of the Stipules. 

The leaf-base in F. religiosa and A. integrifolia, as we have just seen grows 
tmited with the axial core for the most part. During this united growth, the two 
laterally extending arms of the base meet and fuse on the side of the axis opposite 
to the median trace. After the fusion has been effected a branch from each of the 
extreme laterals L 7 and L'g (Figs. 7 and 1 3) enters this end. Then an oblique split 
appears between these two branches in the manner shown in figures 10 and 13 
causing a separation of the fused ends which then overlap (Figs. 11 and 14). Separa- 
tion of the base from the axis now proceeds from this end towards the central region 
of the l)ase; its progress is always preceded by branches of corresponding laterals 
entering the arms (Figs. 11 and 15). 

By the time a comjdete separation of the leaf-base is offocted from the axis, the 
median and its branches, the laterals in the central region and branches coming 
from the proximate laterals of the arms, arrange tliomselvos in the form of a ring in 
this region and a split now occurs on its adaxial side (Figs. 11 and 15). The split 
then extends both ways and the two arms not only become free from the axis and 
from each other but also cut off portions from the central region of the base wliich 
now develops as the petiole (Figs. 12 and 16). 

The two arms thus being free grow directly into a pair of stijiules without any 
pro-formed primordia. The vascular system of the stipules is formed by the branches 
of the laterals which run parallel to one another. 

In F, elastica, on the other hand, after the fusion of the two laterally extending 
arms of the base, the regions of the arms adjacent to the central region of the base, 
but not the fused ends, are the first parts to receive branches from the laterals in 


Explanation op Text-piqs. 9-19 (p. IGO) 

9-12. Serial Iransections of the shoot apex of F. religiosa showing the separations of the fused 
ends (fu. ends), of the base from the axis and of the a-ims from the eontral region; the origin 
of stipules (st) and the courses of the median (M) and the lateral traces (indicated by numbers) 
in the base of a primordium. pot. — ^petiole. For explanation seo text. Br.L.tr. — branching 
of lateral traces. 

Fig. 9 is 110^ below the extreme tip; Fig. 10, 20ju above Fig. 9; Fig. 11, 30/i above Fig. 10 ; 
and Fig. 12, 40^ above Fig. 11. Each x50. 

13-16. Serial transections of the shoot apex of A. integrifolia. Description as given for the 
figures 9-12. ^ 

Fig. 13 is 170/4 below the extreme tip ; Fig. 14, 30/4 above Fig. 13 ; Fig. 15, 40/4 above Fig. 14; 
and Fig. 16, 20/* above Fig. 15. Each x60. 

17-19. Serial transections of the shoot apex of F. elastica showing separation of the fused arms 
of the base from the axis and from the central region (pet.reg.) ; the origin of a single stipule 
and the courses of the median and lateral traces through the axial component, ax. ring — 

axial ring of vascular bundles; Br.L.tr. — ^branching of the lateral traces. Fig. 17 is 770/* 
below the extreme tip; Fig. 18, 250/* above Fig. 17 ; and Fig. 19, 110/* above Fig. 18. Each 
X19. 
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this region and separate from the axis from this end. Meanwhile, the median and 
its branches, the laterals and their branches arrange themselves in the form of a 
ring in the central region of the base and its separations from the axis and into the 
petiole and the stipule, commence simultaneously. Sej)aration of the base from the 
axis x)rocoeds towards its opposite side and its progress is always preceded by the 
branches of the laterals entering the arms one after the other. While the base is 
becoming free from the axis the arms cut oft’ portions from the central region of the 
base in the manner as described for the other two s})ecies. These cut ends (posterior) 
of the arms then grow and overlap and finally the arms separate from tlie axis as 
one piece without any s])lit at the fused ends. The two arms thus being free as 
one piece with its overlapping posteiior margins develop as a single stipule and the 
central region of the base as the petiole (Figs. 5 and 19). Thus it is seen that though 
the numbeir of stipules in this s})ecies is one, it is a ])roduct of the two arms of the 
base. The stipular scar is also obliquely circular but the inclination is in this case 
upwards. Vascular system is formed exclusively, as in the other two species, by 
the branches of the laterals which run parallel to one another. 

CoURSKS OF THE LeAF TrACES IN THE BaSE OF THE LeaF AND THE VaSCULAR 

System of the Stipules. 

The node in ea(di species is multilacunar, one median and 15 or 17 laterals enter 
the base which grows unitedly with the axial core. The median and the laterals 
depart from the axial ring, but instead of deviating at once towards the peri])hery 
they take vertical courses and form an outer series of bundles in tlie internode 
(Figs. 9, 13 and 17). The median ciontinues its vertical course for some distance 
and then s])reads laterally by giving oft* branches on its sides. Below the nodal 
region the median, it^ branches and 2 or 3 laterals on each side (L^, L2> 

L'2 L'3, Fig. 7) enter directly the central region of the base. U]) to this point 

the course of events is similar in all the three species but the subsequent behaviour 
of tlie remaining laterals is dift’erent in them. 

In F. religiosa and A. integrifolia the remaining laterals begin to split one after 
the other, the splitting commencing from those at the extreme ends of the two 
arms. L7 and L'g sjilit simultaneously, one set of bramiies follows an oblique 
horizontal course to join Lg and L'7 resjiectively, while the other set continues through 
the fused ends which now begin to separate from the axis. Lg and L'7 then sx)lit in 
their turn and one set of their branches goes into the arms and the (fther sot bends 
and joins and L'g resxioctively. in this way all the laterals (L7 to L3 and L'g to 
L'4) are linked up with one another by their branches (Fig. 7), not at. the same level 
but at dift’erent heights with the result that though they form a comx>lete girdle 
round the axis, they are seen detached in a transverse section (Fig. 13). 

L3 and 1/4 are the last two of the laterals to sxftit in the arms. In each case, 
one of the branches, as usual, goes into the* arms and the other on entering the 
central region bifurcates: one branch of L3 unites with L.j and the other moves to 
the adaxial side and sxilit heie (Figs. 10 and 14). Same thing hap])en8 in the case 
of L'4. These ultimate branches unite with each other. Thus the median, its 
branches, the laterals and their ultimate branches form a ring of vascailar bundles 
in the c*entral region of the base. By the time the leaf-base has comj)lotoly scx)arated 
from the axis. There now occurs an oblique sx^lit on the adaxial side of the leaf base 
wdiich progresses both ways until the two arms completely cut off portions from 
the central region. The posterior margins of the two free arms now grow and 
overlax) each other (Figs. 12 and 16). 

In F. elastica, on the other hand, the oblique horizontal linking ux> of the split 
halves of the laterals starts from near the central region of the base and x^roceeds 
towards the fused ends of the arms. The organization of the vascular ring in the 
central region and the commencement of the branchings of the laterals and their 
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linking u}3 to form a girdle around the axis take place in an order reverse of what 
has been described for the other two species. The separations of the base from the 
axis and of the arms from the central region by the formation of a split begin simul- 
taneously at this end (Figs. 18 and 19), and the former proceeds towards the opposite 
side. As the progress of separation is contingent on the branching of the laterals 
by turn its beginning and comi)letion, therefore, take place at different heights of 
the axis (Figs. 5, 8 and 17). 

In all the three species the arms of the leaf-base directly develop as a 'pair or a 
single stipule as the case may be under the influence f)f the branches of the laterals 
going straight intn these organs while the other set by linking u}) with one another 
form the oblique horizontal girdle round the axis. It is also to bo noted that the 
arms cut off portions from the central region of the base only after the median, 
its branches, the laterals and their branches have arranged themselves in the form 
of a ring. The separation of the base from the axis starts vdth the running of 
branches from the pair of laterals to branch in the arms first and is completed with the 



Text-fios. 20-21. 

20. Transection through the margin of a stipule showing marginal growth, ab.epi. — abaxial 
opidormis. ad.epi. — adaxial epidermis, and Smi. — submarginal initial. For explanation 
see text. x460. 

21. Transection of a mature stipule of F, religiosa through the median region of the lamina 
showing cellular ( lift orentiat ion and vascular biindles. ab.epi. — abaxial epidermis; ad.epi. — 
adaxial opidormis and st.tr. — stipular trace which is a branch of a lateral trace. X 223. 
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branches from the pair to remain and split in the arms last. The formation of a 
stipule takes place by gradual separation of the arms of the leaf -base and 
without any pre-formed primordium which might be identified as stipular 
primordium. 

Tissue differentiation in the stipules. 

In all the three species marginal growth of the stipules takes place in the same 
manner. The marginal meristem (perinome of Lund, vide McNab, 1873) is con- 
tinuous over the edge and by dividing anticlinally forms the adaxial and abaxial 
epidermi. At the extreme edge, however, the marginal meristem forms a biseriate 
plate of cells (Fig. 20). The submarginal meristem {pycnome of Lund, vide McNab, 
1873) divides periclinally, and subsequent oblique divisions of the derivatives give 



Text-mo. 22. 


22. Transection of a mature stipule of F. elastica near the median region of the lamina showing 
the cellular differentiation and vascular bundle, ab.epi. — abaxial epidermis; ab.epi.* — 
8ect)nd layer of abaxial epidermis; ad.opi. — adaxial epidermis and st.tr. — stipular trace. 
X492. 
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rise to the many layered mesophyll (Fig. 21). In F» elastica the abaxial snbopidermal 
cells divide re^arly by anticlinal walls and appear as a second layer of epidermis 
(Fig. 22). The mesophyll of the stipule is not differentiated into the spongy and 
palisade tissues (Figs. 21 and 22). The vascular system of the stipules, as we have 
already seen, is made up of branches from the laterals running parallel to one another. 

Discussion.* 

Developmental studies of the vegetative shoot apices of the three’ si)ec‘ies of 
Moraceae, namely Artocarpus integrifolia, Ficus religiosa and Ficus chistlca^ show 
that though they present similarity in cellular organization, foliar initiation and 
internodal development, F. elastica differs from the other two sj^ecies in the method 
of origin of the stipules and their separation from the axis. 

The stipules in these species have no separate primordia, but the arms of the leaf 
base including the adaxial portions of its central region, as they separate from the 
axis, develop into these structures. The separation is gradual because the branches 
of the laterals enter the arms one after the other and not simultaneously, and that 
is why the stipular scar is oblique instead of being horizontal in these cases. 

Stipules are leaf-base divergences. In F. elastica the studies show the absence 
of a free base, though in the other two species its development is very slight, almost 
imperceptible to the naked eye. It appears that most of the previous workers 
have not taken into their consideration the axial -component of the leaf while de- 
scribing the origin and development of a leaf primordium. Our studies show that 
the axial-component cannot be omitted from the studies of leaf development. 
They prove conclusively that the base of the leaf may be (1) completely incorporated 
in the axis, i.e., internode, as is illustrated in F. elastica (cf. also Paederia foetida, 
Mitra, 1948); (2) for the most part included in the axis, and free for a very short 
length, as in F. religiosa and A. integrifolia; and (3) partly included in the axis, 
but free for some considerable length, as in Heracleum (Majumdar, 1942, 1947 and 
1949), Polygonum (Mitra, 1945), Rosa (Mitra, 1949), and others with free sheathing 
bases. 

If stipules are leaf-base divergences, and they certainly are, unless the axial- 
component is recognized as a part of the leaf-base, hud scales of these species, and 
particularly of F, elastica, cannot be regarded as stipules. Therefore, we are 
perfectly justified in recognizing the base as comprising of two regions: onoincor* 
porated into the axis (axial-component), and the other free. The free portion is 
very slightly developed in F, religiosa and A. integrifolia, and undeveloped in F, 
elastica. 

The origin and behaviour of the leaf traces and their branches also support 
the conclusion that the axial- component is a part of the leaf-base. It can be safely 
postulated that the laterals branch only in the leaf-base below the petiole and 
beyond the petiole in connection with the development of leaflets and lamina. The 
branches in the leaf-base cause the development of its laminar wings, teeth or 
stipules, and in their absence these structures will not develop in the base. In our 
studies we find the laterals branch in the axial-component, and one set of branches 
stimulate the arms of the latter beyond the level of branching to develop further 
into the stipules. All these facts show that the axial-component of a leaf is part 
and parcel of its base. Moreover, the courses of the laterals after departing from 
axial ring determine the nature of the base whether it will continue its united growth 
with the axis for a short or greater length, or be immediately free from the latter 
and give rise to simple or sheathing leaf-bases. 

Saunders in 1922 revived the Berindung Theory of Hofmeister (1851) and 
propounded her Leaf-skin Theory, both of which visualized a core (axial) and a skin 


• In this discussion leaf-base and axial-component are used synonjmiously. 
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(leaf-base), the radial, tangential and vertieal extent of the latter varying. Ac- 
cording to Hofmeister all the tissues external to the pith belong to the leaf. Saun- 
ders, on the other hand, thinks the exhdermis and one or two hypodermal layers 
belong to this organ. The iiresent studies, however, su])port the view of Hofmeister. 

According to Saunders the leaf-skin is formed by a downward growth and 
extension of the leaf xuimoj*dium keeping x)ace with the extension of the central 
axis with which it is fused. This is not supxiorted by our observation. We have 
seen that the axial-coini)onont soon after its initiation encloses the axial core and 
later in ontogeny by their united intercalary growth the internode is develo})ed. 
In this connection the observation of Sharman (1942) on the develox)ment of the 
internode of IVIaize from the lower half of the ‘disc of insertion’ of the x)rimordium 
may be referred to. Once more the dual nature of the axis (leaf- base + axial core) 
is revived. It is desirable that further extensive developmental studios should be 
made to establish the t rue mor})hology of the axis. 

It is x^roved oncie again that the branches of the lateral traces are tlie deitermining 
factor for the development of the stipules from the leaf-base. Normally a stix)ulate 
leaf has a x^air of stipules and they diverge symmetrically from the base on the two 
sides of the x^etiole. Stipules of F. religiosa and A. integri folia conform to this rule, 
and in F. elastica though a single stipule is formed the developmental studies estab- 
lish its double nature, i.e., the product of the fusion of the two arms which do not 
free and overlap in the region of fusion of their ends. Its double nature is also in- 
dicated by the short 8X)lit at the axucal [)ortion ol’ the adult sti])ule along the line 
of fusion. 

It is difficult to suggest any ex^danation as to why the fused margins in this 
case do not separate and overlap in the manner noticed in the other tAvo sj^ecies, 
unless the nature of the s|)litting is different. In all the three cases the wings or 
arms of the base meet on the opposite side of the axis and remain united with the 
latter for some length. In their subsequent develox)ment F. dastica differs from tlie 
other two s])ecies in one imx)orlant asx>ect, namely, that the braiu-hing of the 
laterals and the separation of the base from the axis, as we have noticed, take x^lace 
in reverse order. 

The 8tix)ules of these sx>ecies have been described as axillary by Goebel and 
others but their ontogeny, however, shows that, they are lateral outgrowths, only a 
portion, i.e., the extreme x>osterior margins is derived from the central region of 
the base. 


Summary. 

Developmetit.al Rtudios of the vegetative shoot apieos oitln^ thici- t-.|jc(ieK, i.aniely Artocarpas 
integrifolia. Ficus religiosu and Ficus clustica show similarity in reJlulai f)rganization and in the 
initiation and early development of leaf primoidia. 

During foliar development the two sides of the axiah(romx>onont extend tangentially around 
the apical dome and completely enclose the latter. They meet on the opposite side of the axis 
and fuse with each other by their ends. At first, the median and then gradually 7 or 8 laterals 
on each side of the median enter the axial-component os its two aims extend round the axis. 
These trace Xnmdles, median and laterals, instead of diverging at once towarfls the periphery 
of the axial-component wiiich now invest the axis in the form of a mantle (skin), follow upward 
eoiimes and form an outer series of bundles surrounding the axial ring. The iiiternode is 
developed later by the intercalary growtli of the axial-eurnponont and the contial core of the 
axis as one organ. 

All these features concerning the origin and development of loaf primordia and the internode 
up to a point are common to all the three species but the subsequent doveloxmient and differen- 
tiation is different in them. 

In A. iutegrifolia and F. religiosa the branching of the laterals, which is not simultaneous 
but takes x)lace one after the other begins with the pair of laterals at the extreme ends of the 
two arms and stops with the laterals just outsitio the central region of the base. Of tXie two 
branches of each lateral one goes up into the arms and the other bends obli(j[uoly to 
join the lateral next to it. In this way all the laterals of the arms are linked up gimiually by 
one set of their branches to form an oblique horizontal gu'dle j ound the axis, the other set goes 
directly into the arms of the base above the region of brandling. By tliie time radial extension 
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of tho central region of the base in the form of an abaxial bulge has formed due to the activity 
of the abaxial rnerist em. 

The branching of the laterals is followed by the separation of tho base from the axis which 
begins at the fused ends. An oblique split occurs at this end and later development of the split 
ends cause their overlapping. Vertical growth of the axis (i.e., of the combined axial -component 
and central core) continues until a complete separation of the base from the axis is effected. By 
this time the median, its branches, the laterals and their branches have arranged themselves 
in the form of a ring in the central region of tho base — a feature characteristic of a cylindrical 
petiole. An oblique adaxial split now occurs at this region which cause overlapping of the 
split margins. The free aims now cut off portions from the central region of the base and tho 
three organs, viz., tho central region and tho two free aims overlapping by both their margins 
continue their vertical growth and development under the influence of their respective \ ascular 
supply as the petiole and a pair of stipules respectively. The pair of stipules enclose and protect 
the buds as bud scales. The stipular scar is obliquely <*ircular, the inclination being towards the 
lower internode. 

In F, elastica the story of the branching of the laterals and tho sepaiation of tho base from 
tho axis, is tho rev erse of what has been noticed in the above t wo species. The branching of the 
laterals begins at the central region of the base and proceeds from one lateral to the other by 
turn towards the opposite side of the axis. In a similar way, as what has been noticed in the 
other two species, one set of branches of tho laterals run vertically into Ihci amis and the other 
sot link up with one another to foim an oblique horizontal girdle round tlie axis. The central 
region, as in the other two species, grows radially in thf^ form of a bulge. 

The separation of the base from tho axis and of the arms from the central region begin at the 
latter region but not at the fused ends of the am\s as is seen in the other two species, and after the 
first i)air of brani hes of the laterals have entered the arms and the median, the laterals and their 
branches hav e arranged themselves in the form of a closed ring in the centml region of the base, 
'ildie sof)aration then proteeds towards tho opposite side of the axis. The fused arms with its 
posterior margins ovorlapjnng and except for a very short split at its apex, se^parate as one piece 
from the axis with the result that tho st ipule is single and sheathing in this species. The posterior 
margins of the stijnde which aio adaxial portions of the central region of the base being cut oft 
in a manner ns described for tho other two species, du(‘ to active growth overlap each othei’ 
and enck)KC and ])rotect the buds as bud scales. The stipular scar is obli(|uely circular but 
t he in<*lination is towards the upper internode. 

Th(' ])resent studies prove that — 

(1) Tho leaf-base includes tlic axial-component which should be regurtled as an integral 
part of the leaf: 

(i) wlam it consists of the axial-componcnt only as in F. elantica the free 
base is absent; 

(ii) wlien it is axial-component for the most part and free only for a very 
short length as in F. reliyiosa and A. ifitegi'ifolia, the base has just a 
free portion ; 

and (iii) when it is axial-component for comparatively a short length (leaf cushion) 
and free for a consulorablo h'ligth as in Hcraclcumy FoUfgoniuHy etc., the 
flee portion of the base is sheathing. 

(-) The internode of the axis is structurally dual in nature being composed of an axial 
c’ore enveloped by the axial-component (base or bases of leaves). 

(.‘1) For the dovelopmtMit of stipules branches from the lateral traces are essential but 
pro -formed priinordia are not necessary. 
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Introduction. 

Interest in the life history of Hilsa was first aroused by the preliminary investi- 
gations of Francis Day (1H73) and by the recommendation of K. G. Gui)ta (1908). 
Later on, the Fisheries Departments of Bengal and Bihar and Orissa, and Madras 
also undertook more detailed investigations on the subject, including artificial 
fertilization of the eggs. In Bengal, the eggs (;ould not be reared into larvae on 
account of large quantities of mud held in suspension in the river water and fungus 
attacks (Southwell and Prashad, 1918), whereas Sundara Raj (1917) records hatching 
of Hilsa eggs by Wilson as well as by himself. Devanesen (1939) also asserts that 
the collection and hatching of Hilsa eggs continue as a routine at Madras. It is 
unfortunate, however, that despite these statements, no detailed description of the 
eggs and early larvae of Hilsa has ever been published. Nair (1939) described a 
series of early stages of Hilsa, biit the youngest stage described by him is 14 mm., 
the earlier life history of the fish being j^et unknown. 

The existence of this lacuna in our knowledge induced the writer to obtain 
precise data on tlie nature of the eggs, larvae and breeding habits of this important 
food fish. Accordingly, eggs were collected in plankton nets from the Narbada 
river which flows into the Gulf of Cambay on the west coast of India. A few 
eggs and larvae were obtained in this way, but their identity was not certain. At- 
tempts were, therefore, made to strip ripe fish and to fertilize the eggs artificially in 
order to determine the identity of the eggs collected in the plankton. A comparison 
of these eggs with those taken from plankton has not only confirmed their identity 
but has also strengthened belief in the correctness of the hypothesis advanced by 
Hora (1938) regarding the spawning grounds of Hilsa. Results of these operations 
have been detailed in the following pages. 

Spawning Grounds of Hilsa. 

Investigations made by Hora (1938) have indicated that the spawning grounds 
of Hilsa in Bengal are located in the river Hooghly in the neighbourhood of the 
Pulta waterworks near Calcutta. Hora’s findings were based on the occurrence of 
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Hilsa in the tanks of tlio municipal waterworks at Pulta. The present observations, 
on the other hand, are based on the occurrence of fertilized eggs as well as gravid 
females witli oozing eggs in a particular stretch of the river Narbada. Moses (1942) 
records that in the Narbada., Hilsa are found in its lower reaches during the monsoon 
months, but he does not state anything regarding their spawning migrations. In- 
vestigations were, therefore, undertaken in that river, near the villages of Nicora and 
Jhanor, about 40 miles u})-stream from the sea along the course of the river (vide map) 
and about 12 to 15 miles east of the town of Broach, 200 miles north of Bombay. 
This area is slightly under the tidal effect, though the water oi the river here is 
entirely fresh (sweet) at all times of the year. The water level of the river rises by 
about a foot during the highest spring tide. . 

Inspection of the catches in this area, dxrring July 1949, revealed that some of 
the gravid females had reached such stage of ripening of their gonads that the eggs 
were oozing out of the vent. This indicated that they had almost reached their 
desired breeding grounds and tha.t they would have actually spawned within a short 
time. Some of these fish were caught in small hand nets, locall}^ known as ‘ Jamda' 
nets, and others in ordinary gill nets. 

The occurrence of such ripe females (with oozing eggs) in this area may be a 
satisfactory proof to regiird the l()cality as a spawning ground, but this inference 
cannot be taken as finally conclusive. A search for fertilized eggs in the water 
of the river in the same area was, therefore, undertaken. On August 22, 1949, 
plankton was collected in the five-mile stretch of the river between Nit^ora and 
Jhanor with an ordinary low net with double mosquito curtain netting. In the 
four hauls which were made, each of 20 minutes duration, no eggs were found in 
the hrst two, but, in the last two hauls 75 eggs w^ere collected. Out of these, 25 were 
dead and unfertilized and the rest were fertilized and of normal 8haj)e and size as 
could be made out from the eggs which were stri])})ed and fertilized artificially on a 
previous occasion. The eggs were carefully isolated from a large amount/ of 
floating debris and hatched in large ])etre dishes by (‘hanging the whaler at regular 
intervals and keeping the eggs free from mud particles su8]>ended in the river waiter. 
The collection of the eggs w^as made between the hours of 7 and 8 p.m. when the aroa 
was under tidal influence and the temperature of the water was 27-5' C., th(^ rivcT* 
being at its normal flood level. 

The occurrence of females with oozing eggs and the ])rosence of fertilized eggs 
in the plankton indicate beyond any doubt that this area is part of the spawning 
grounds of Hilsa; detailed observations are, however, necessary to ascertain the 
extent of these spawning grounds. Further, as stated before, the females with 
oozing eggs were caught in hand nets, 1 ' Jamda’, operated at a dc])th of about 3 or 

4 feet from the surface. A few were caught in gill nets fixed af about 15 fe(it below 
the surface and almost near the bottom. It would api)car from this that the rij)e 
females do not necessarily swim at lower de])th but can be found travelling very 
close to the surface alscj. 

Range oe Migration of Hilsa in the Narbada. 

Hilsa is known to ascend hundreds of miles, in large schools, into rivers, such as, 
the Ganges, the Indus, etc., but its migration in the Narbada, according to the 
present investigations, is limited to about 80 miles only from the sea. Observations 
made along the course of the river have shown that there is hardly any large-scale 
Hilsa fishing in the river a few miles above the village of Jhanor (40 miles from the 
sea), as the shoals do not seem to ascend beyond this area. Nevertheless, smaller 
schools are known to ascend another 40 miles or so up to the village of Garudoshwar 
(vide map). Beyond this village, the river bed is rocky and steep and consequently 
the (mrrent is much stronger. The high velocity of the river current may probably 
be the main factor that restricts the range of migration of Hilsa in this river. Deter- 
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mination of velocity at this point would have yielded important data on the swim- 
ming powers of the fish in regard to the construction of fish passes in the dams and 
weirs obstructing upward migration of Hilsa, but the work ccmld not be accomplished 
during the last season. 

It is rejiorted that Hilsa is not known to ascend higher than about five miles in 
the Puma river on the Gujarat coast. Similarly, in the Ulhas river, nortli of Bombay, 
it is known to ascend only about 25 miles. It is thus of interest to note that while 
the fish travels very long distances in the Ganges, the Indus, etc., its migration to 
rivers on the western coast is very much limited. Further investigations may 
reveal precise reasons for this restri(tted migration and may indicate ihe possible 
means of solving the problems arising from restri(‘tion of range of migration of this 
important fish due to the construction of dams across some of the largo rivers of 
India, One important fact which emerges from those observations is that Hilsa 
is capable of adapting itself to variable environments and of breeding even within 
50 miles from the sea, depending on several factors, such asf the strength of the 
current, salinity, volume, depth of water, etc. 

Lunar Periodicity in the Hn.SA Fishery. 

Majumdar (1939) recorded that Hilsa fishing is done in the Sundarbans during 
the neaxi tide. It is re]K)rted that on the llalasore coast Hilsa fishing is done from 
the 1 1th day of the moon till the 3rd day after the full moon, i.e., during the spring 
tide and again during ebb tide from tlie 11th day after the full moon (Prashad, 
Hora and Nair, 1940). A similar lunar periodicity has also been observed in the 
Narbada, where Hilsa fishing is done from the I2th day of t he moon to the first day 
after the full moon or the new- moon in each lunar fortnight. Thus, the fishing is 
done only during the two sxiring tide periods in each month. The catches during 
the neax) tide period are so low that practically all fishing is susxiended during this 
X)eriod. From the observations made at most of the fishing villages along the 
Narbada, as well as from the exx)erience of coastal and estuarine fishing of a general 
nature, it seems that the neap tide’ mentioned by Me jumdar (Loc. cit.) and the 
‘ebb tide from the 1 1th day after the full moon’ rex>orted by Prashad el al. {Loc. cit.) 
may be language errors. The rexK)rters probably had in mind only the spring tide 
])eriods (commencing from the 11th day of the moon in the seccuid fortnight of the 
lunar month. The matter would, however, require additional data from the same 
places to settle this point. 

The analysis of the catches of the fishermen made at Jhanor and Nicora showed 
that the xiroportion of ripe females (oozing eggs) is very small and that su(‘h rij>e 
fish are usually caught, during the high tides. Catches of 25 fishermen were examined 
on July 22 and 23 (IJtli and 14th days of the moon) and again on August 7 and 
8 (12th and 13th days of the moon). Out of the total catch of 350 fish examined in 
July there were 6 ri[)o females, whereas in the catch of 3,000 fish caught in August, 
70 ripe females were recorded. Their number on other days was much smaller. 
This would indicate that during spring tide the mature fisli ascend the river in larger 
numbers for sx)awning and there is thus a lunar ])eriodicity in the rexirodiKition of 
this fish. The fact that I'ertilized eggs were obtained in tlio plankton collected on 
the 14th day of the moon (August 22, 1949) also lends su])port to this view. 

Ovarian E(m.s of Hil.sa. 

Clux)eoid fishes, of which Hilsa is a member, are known for the large number 
of ova they xR'oduce, but precise informat ion regarding Hilsa is lacking.* Hilsa has 


* Siuco writing tbiR, Cbacko anil Gauapati, Joitrn. Madrun Utnv.y XVII I, 1949, c.stimatod 
1,282,1 10 eggs in //. ilinha. 
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a bilobed ovary which grows and fills the entire body cavity when fully developed. 
The weight of such a gonad in a large female 512 mm. in total length (437 mm. 
standard length) and 4-5 lb. in weight, is 13-7 oz. A part of this roe along with its 
mesenteries was cut, weighed and the number of ova counted. This showed that 
the ovary contained about 1,864,000 ova. All these ova are almost in the same 
stage of development and appear to be intended for a single spawning season. If a 
small piece of ovary is tea sed out and examined under a microscope, it will be apparent 
that along with the aforesaid develo])ed ova there is also another category of very 
small undeveloped ova (Text-fig. 2a) attached to the mesenteries which appear to 
be intended for the next season. Each developed ovum is roughly 1 mm. in dia- 
meter, but all of them being held together in a compact mass in the ovary, are not 



Text-fio. 1. — Map to show the rivers discharging into the Gulf of Cambay. 
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completely round or spherical until they ripen and are ready to be shed. The 
yolk of the ova is opaque at this stage and the compact mass of the ovary can 
be said to be comparatively hard (hard roe). However, when the ova ripen, the 
yolk becomes more or less fluid and transparent and the eggs become soft. They 
then get disentangled from the mesenteries and flow out through the genital 
aperture even on a very slight pressure on the abdomen. Such ripe, unfertilized 
eggs are almost spherical and their diameter is about 1*3 mm. (Text fig. 26). 

Eggs and Embryonic Development. 

On July 22nd, 1949, one ripe female caught in a hand net was stripped in an 
enamel dish and the eggs were immediately fertilized artificially with the milt 
obtained from a freshly caught male. The eggs were very soft and smooth and 
appeared to be pale dirty brownish in colour. When freshly laid, they are 1-3 to 
1*5 mm. in dia. with semi-fluid vitelline material (Text-fig. 26). On immersion in 
water, the eggs begin to absorb water till they are 21 to 2-3 mm. in dia. (Text-fig. 2c). 
At this stage they are demersal in still water, but their density is so close to that of 
the water, that even with a slight current, they keep on drifting and appear pelagic 



Text-fic. 2. — EggH and Embryonic Development of Hilsa ilisha (Ham.) 
a. Piece of an ovary showing fully developed and undeveloped ova along with mesentery X 1 1; 
h. A ripe unfertilized ovum X 13; c. A fertilized egg after ab.sorption of water x 13; d, Blasto- 
disc formation after J hour of fertilization xl3J ; e. A stage 4 hours later x 13J^ ;/. Forma- 
tion of embryonic shield after 8 hours x 13^ An embryo formation 12 hours later x 13 J; h. 17 
hours later embryo ready to escape from the egg x 13^. 
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in nature. The egg membrane, when distended with absorbed water, appears 
smooth and devoid of any processes or corrugation. Inside this outer membrane, 
there is another very thin and delicate inner membrane. Thus Ihe egg membrane 
of Hilsa is double-layered as in the English herring (Mclntcsh and Mast ei man, 
p. 410), These two membranes, according to Hoffman (as quoted by McIntosh and 
Masterman, op. cit.) form the zona radiata of the egg. The water absorbed and 
stored in the perivitelline s])acc serves as a very useful cushioning for the delicate 
embryo growing over the 3'olk. The yolk apj)ears to be composed of a number of 
small oil globules whic h form a large conglomeration in the (centre of the egg. This 
gives the appearance of segmented yolk which is considered by Delsman (1920) as 
characiteristic of all clupeoid eggs. 

The development of the egg starts immediately after fertilizaticn. Within 
half an hour, the stre|iming movement of the protoplasm towards the lower pole is 
completed and a blasto-disc is formed (Text-fig. 2d). Segmentation of the blasto- 
disc takes place quite rapidly and within the following four houis a cap of cells 
covering up to about half the conglomerate oil globule is developed (Text-fig. 2c). 
After another four hours, an embryonic shield is visible (Text-fig. 2/). Development 
at this stage appeared to be quite rapid and after twelve hours a distinct embryo 
with a prominent protrusion representing the head still attached to the yolk sac 
and a tail free from the sac (Text-fig. 2g) is visible. A few muscle segments can be 
made out, but the formation of the optic vesicle is not disc^ernible. Contractions of 
the body of the embryo begin after about 15 hours and they become more frequent 
after another two hours. These contractions help to coalesce the small oil globules 
into larger and fewer ones reducing them finally to three or four. After 17 hours, 
the embryo becomes restless within the egg membrane. Its struggle indicated that 
it was attempting to escape from the egg membrane and aj^peared to exert pressure 
on it with its head and tail (Text-fig. 2h). This struggle was continued for some time 
with an intermittant period of rest. After full 18 hours, the larva burst out of the 
egg membrane and swam out vigorously vibrating its tail. The temperature of 
the river water was 28'’C. and that of the water in which the eggs hatched out was 
28*5°C., there being some slight fluctuation when the water of 27 -5'^C. cooled in earthen 
pots was being added. All eggs do not necessarily hatcli out after 18 hours but 
require different periods ranging up to 26 hours, the period depending ])robably < n 
the temperature, oxygenation of the water, etc. 

Larval Development of Hilsa. 

Newly hatched Larva : As compared to the size of the egg, the first hatchling or 
the earliest larva of Hilsa is very small, being only 3 1 mm. in total length (Text-fig. 
3a). The head seems to be yet in contact with yolk sac and the optic vesicles, 
though fully developed, are indistinct and do not have any pigment in them. 
Auditory capsule is not yet visible. The yolk sac is large and oblong and is attached 
to the body along its longer axis. There are three distinct oil globules, the anterior- 
most is the largest and the remaining two being smaller. In some cases there is 
a fourth oil globule also. There is a very thin and narrow vertical fin fold which is 
continuous over the caudal end but it is not differentiated into a caudal lobe. In 
the living condition the larva is almost transparent and is visible only with difficulty. 

As soon as the larva hatches out from the egg it swims violently up to the surface 
of the water by vibrating its tail and then drops down listlessly on to the bottom for 
a while. This peculiar movement is repeated intermittently. During these sporadic 
movements, the larva does not swim in the normal position, but on account of the 
buoyancy of the yolk and the large oil globules, it swims upside down and rests on the 
bottom on its dorsal side. 

Second day Larva: The larva on the second day (Text-fig. 36) grows to a total 
length of 3*7 mm. The head portion seems to be further developed and hangs out 
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prominently and is unattached to the yolk sac. A tubular heart is also visible 
between the head and the yolk sac on the ventral side. On closer observation, the 
heart can be seen pulsating rhythmically but no red blood (jorpuscles could be seen. 
The eyes have developed but yet there is no pigment. Auditory vesicles are 
visible. The yolk sac is slightly reduced in size but instead of three oil globules 
only two are now present. About 42 muscle segments are clearly visible and the 
rest are indistinct. The anus appears at about 38th segment from the head. The 
fin membrane is well-formed and the caudal lobe is being differentiated. Very 
small black cjhromatophores are })resent on the throat as well as on the yolk sac but 
the body is devoid of any such pigment . 



Text-fig. ‘k — Larval Jlovelopincrit of Hiha ilisha (Ham.) x22. 

<t. Hatcbliog of Hilsa; }>, Larva on, iVie 2nd day; c. Larva on tho Mrd day; d. Ventral view 
of tho anterior ])ai-t of tho larva on the ‘Ird day. 


Although tho larva has progressed considerably^ on the second day, it still swims 
upside clown and rests on the dorsal side as on the ])reviou8 day. Unlike the first 
day stage, it does not, however, come to the surface of the water and drop down 
but swims at intervals on the bottom only. 

T hr ec’dciy -larva: On the third day, the larva (Text-fig. 3c) does not seem to 
incd’case much in size being only 4-2 mm. in length, but further internal growth 
seems to have advanced well. Tho striking feature in the head region is the develop- 
ment of black pigment in the eyes which look (piite prominent. Another charac- 
teristic feature is that the red blood corjuiscles are seen coursing through the tubular 
pulsating heart. In the ventral aspect (Text-fig. 3d) a distinct mouth is apparent 
which looks like a comparatively large orifice with only the lower or hind lip. The 
fin membrane is slightly modified in the dorsal region and looks slightly higher in 
the region of the dorsal fin. The caudal lobe is further differentiated and the dorsal 
lobe more developed. The anus is distinct and the development of the intestine 
also is discernible. The position of the anus indicates that it has migrated anteriorly 
during the course of the day, on the same lines as has been observed by Nair (1939) 
in later stages of the fish. 

In its movements, the larva does not yet assume the normal position but 
continues to swim in an inverted posture as before. However, while resting on the 
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bottom, it rests on the side and this development indicates the possibility of the 
larva assuming its normal position on the fourth day. 

Further observations on the larval development were, however, cut short as 
the larva died of metallic poisoning as a result of the accidental use of water stored 
in a copper pot. 
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Introduction. 

The distribution and concentration of alkaline pliospluitase has lioen studied 
cytochemically in the ovary of several siK>cies of mamiuMs and in the pigeon. In 
the pig, the dog, and in the human tbo tliocal cells contain abundant phosphatase 
but those of the granulosum contain none (Corner, 1948). The condition is reversed 
in the rabbit while in the rhesus monkey the enzyme is present in both the layers 
(Corner, 1944 and 1948). Alkaline phosphatase^ is demonstrable iii the graafian 
follicles, corpora lutea, interstitial tissue, and in the blood vessels of the rat’s ovary 
(Dempsey el al.y 1949). The enzyme disa])pears from the ovary of' liypophy- 
seetomized rats but replacement therapy with iiituitary powder causes a reappeara.nce 
of the enzyme and a return to a condition approximating that of tlie normal gland. 
In the oN iiry of the pigeon alkaline phosphatase is present in tlie thei'a, blood vessels, 
and in the stromal tissue (Kar, 1950 a). Androgenic treatmont- causes a spectacular 
mobilization of the enzyme in the theca. 

Experimental studies in the mouse have shown tliat estrogen treatment causes 
an increase in the uterine phosphatase. Progesterone and androgen do not have 
this effect (Atkinson and Elftman, 1946 and* 1947). Kariloll and Atkinson (1948) 
have found only negligible quantities of alkaline phosphatase in the vaginal c^pithelium 
of the ovariecdomized mice: Estrogen therapy in such animals results in a marked 
increase in the vaginal phosphatase activity. In ovariectomized rhesus monkeys 
pre- treated with estrogen, the enzyme is found chiefly in the endometrial glands and 
in the surface epithelium (Atkinson and Engle, 1947). Progesterone treatment 
causes considerable reduction of phosphatase in the surface epithelium of these 
monkeys. The enzyme dissappears completely from the vagina of rats after 
ovariectomy but is increased in the uterine horns (Thibault and Soulairac, 1948). 
Estrogen therapy re-establishes a normal phosphatase activity in the vagina but the 
normal enzyme conditions are restored in the uterine horns only if progesterone is 
administered following estrogen therapy. Dempsey et al. (1949) described the 
disappearance of phosphatase from the uterus of the rat after hypophysectomy and 
its restoration on replacement therapy with estrogen or pituitary powder. In the 
oviduct of juvenile pigeons there is practically no phosphatase, but in the birds of 
the same age treated with estrogen, the phosphatase concentration is markedly 
increased in the hypertrophied oviduct (Kar, 1950 /^). Androgen treatment, 
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however, is less eflective in augmenting the amount of oviducal phosphatase in the 
|)igeon. 

The present report has been concerned with an attempt to study the effect of 
progesterone and desoxy corticosterone acetate on the distribution and concentration 
of alkaline phosphatase in the genital system of female pigeons. 

Experimental. 

Female pigeons, 110 days old were used in this study. A total of 15 birds were 
involved of whicili 5 wore injectetl with progesterone, 5 with DOA, and the remaining 
5 were left uninje(‘ted to serve as the controls. The birds w^ere kept in cages under 
uniform husbandry conditions throughout the duration of the experimental period. 

Progesterone in sterile sesame oil w^as administered intramuscularly. Tlie dail}^ 
injections (01 mg.) w^ere made into tlie breast muscles and continued for a {mriod of 
24 days. An equal amount of DCA (OT mg. in sterile sesame oil) was injected in the 
similar manner and over the same period of time. The sites of injection alternated 
on successive days between the right and left sides of the breast. 

Aid opsy followed 24 hours after the final injections. The ovary and the oviduct 
were fixed immediately in cliilled 80% ethyl alcohol and in Bonin’s fluid. After 
dehydration and imbedding in paraffin, seriai sections wore cut 6 microns in thickness. 
The tissues fixed in Bonin’s fluid wero stained with Mallory's trichromo stain. The 
sections of the ovary and the oviduct fixed in ethyl alcohol wore incubated in 
sodium glycerophosphate substrate (pH 9*5) according to the technique of Oomori 
(1941) for the domonstration of alkaline phosphatase. The sites of phosphatase 
activity in the tissue sections are marked by the deposition ol cobalt sulfide in fine 
black granules. In order to allow criticuil observation of these deposits no counter- 
stain was used. Tlie sections w'ore dehydrated and mounted in the usual manner. 

Results. 

A. ConirolH. 

Ovary. There is very little ph<wi])hatase in the granulosa cells of the ovary. 
The endothelium of the thecal blood vessels shows strong reactions for the enzyme. 
Moderate amounts of phosphatase arc present in the nuedous of the thecal cells but 
the cytoplasm of these cells contains only a trace ol tlie enzyme. The phosphatase 
activity is evident in the eiKfijtheliuin of the stromal blood vessels and in the c^on- 
noctive tissue cells but the interstitial colls show^ negative reactions for the enzyme 
(PI. VTI, i;g. 1). 

Oviduct. No pliosphataso activity is visible in either the serosa or in the 
muscularis. The epitheliun bordering the mucosal folds and the connective tissue 
stroma, how ever, show the presence of small amounts of phosphatase. The maximum 
concenfration of the enzyme is seen in the young tubular glands of the oviduct 
(PI. Vll,fig. 2). 

B. Progesterone treatrneMt, 

Ovary. The inhibition of the ovarian growth similar to that reported by Kar 
(1949) following progesterone treatment is also observed in the [iresent material. 
The suppression of the follicular development due to the luteoid treatment is evident 
upon microscopical examination. There is no trace of phosphatase in the granulosum 
or in the thecal region (PI. VIl, fig. 3). Small amounts of the enzyme are present 
in the connective tissue cells and in the endothelium of the stromal blood vessels. 
Interstitial colls, however, continue to give a negative reaction for the phosphatase. 

Oviduct. The (consequences of the luteoid-induced ovarian inhibition is clearly 
reflected in the marked hypoplasia of the oviduct. Histological examination 
discloses iin immature condition of the duct with low^ and non-glandular mucosal 
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folds. Tlie sub-mucus rogion presents the appearance of a thin connective tissue 
lamina and the muscularis appocirs as an extremely thin pcrii)heral layer. Tost for 
alkaline phosphatase is entirely negative in the component })arts of the oviduct 
(PI. VII, fig. 4). 

C. Deaoxycorticosleronc acetate treatmemi. 

Ovary, The ovary shows signs of hypertrophy. These are evidenced by some- 
what accelerated develojnnent of the follicles and the stromal growth. The enzyme 
is practically absent in the granulosum. There is, however, a spectacular mobilization 
of phosphatase in the theca (Id. VII, fig. 5). The nucleus and the c*ytoplasni of the 
thecal cells as well as the endothelium of the thecal blood vessels show liigli con- 
centration of alkaline phosphatase. Only small amounts of the enzyme are ])i esent 
in the stromal connective tissue (‘ells and in the endothelium of the blood vessels. 
The interstitial colls are prominent by the absence of the enzyme. 

Oviduct, The oviduct shows induced growth in the serosa, muscularis, and in 
the mucobiil folds. There is, however, no glandular development. The enzyme is 
absent from the component parts of the oviduct, except the stroma and the mucosal 
epithelium where only small amounts are present (PI. VH, fig. 0). 

Discussion . 

A number of recent studies have revealed a relationship between the endocrine 
status and the activity of the selected enzymes (vide Dem[)8oy et uL. 1949). These 
studies have clearly indicated the possibility that the relationship between the 
hormones and the enzymes has a causal significance. Moreover, a seri(^s ol‘ 
investigations have proved beyond doubt that the activity of the })hosj)hatas(.vs 
\'ary under different physiological conditions {Dom 2 >sey ct al., 1949; Kariudl and 
Atkinson, 1948; Atkinson and Engle, 1947; Tliibault and Saulairac, 1948; Kar, 1950, 
«, b and c; and otlmrs). In view of tliis, it is not sur])rising that the ovarian phos- 
jihatase activity in tlie ihgeon should change after hormonal treatments. Thus, 
j>rogesterone administration in tlu' female j)igcon is known to cause inhibition of the 
ovarian growth and the suptu’ession of the follicular develojjment (Kar, 1949). 
Concomitantly, the jhosphatase activity is considerably diminished in the stroma 
and totally disa])i)ears from the ovarian theca of the hi teoid -treated birds. DCA 
treatment, on the other hand, causes a sjiectacular mobilization of the enzyme in 
the theca of a some\^hat hyjx^rtrophied ovary. It is interesting to note that- 
testosterone propionate also causes a similar mobilization of alkaline phosphatase 
in the ovarian thocii of the })igeon (Kar, 1950 a). The action of DCA on the 
jihosphataso activity in the jiigeon’s ovary, therefore, appears to be aiRhogenic. 

The consequence of the loss of jdiosphatase activity in the ovary of ])rogesterone- 
treated birds is unmistakably reflected in the change that ensued in the oviduct. 
This is clearly evident from the total absence of the enzyme from the comjjonent 
parts of the (iuct. However, a different picture is presented if we reckon the effects 
of DCA administration. Histologically, there is induced growth in the seros<i, 
muscularis, and in the mucosal folds, but there is no functional development, which 
can be gauged from the fact that tlio tubular glands are absent from the mucosa. 
Cytochemically, only small amounts of phosphatase are jiresent in the ovidiicd. 
Here again, the situation is comparable to a similar one that is encountered in the 
pigeon’s oviduct after testosterone propionate treatment. Induced growth of 
the duct except however, the development of the tubular glands are the noteworthy 
histological alterations, while cytochemically, there is little augmentation of 
enzymatic concentration (Kar, 1950 6), although the ovary shows a marked increase 
in phosphatase activity (Kar, 1950 a). The findings on the oviduct of the DCA- 
treated pigeons, therefore, appear to extend the observations made on the ovary 
and indicate that the corticoid is undoubtedly androgenic in influencing the 
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(listribiition and concentration of alkaline phosphatase in the genital system of 
female pigeons. 

Summary. 

Intramuscular iujectloiis of jjrogt'storoiio ensues u loss of' alkaline phosphatase activity in 
the genital syst.em nf hanale pigeons. Desoxyeorticosteiono acetate treatnient , however, causes 
a spectacular iuol>ilization of the enzyme in the oAarian theca but there is little augmentation 
of y)hosphat/ase activity in the oviduct. The similarity between the corticoid aixd testosterone 
propionate in influencing the enzymatic activity in the genital system of the pigeon is pointed 
out and discussed. 
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Explanation of Plate VII. 

{All fujure-^ are photomicrograjths and are magnified X 200.) 

Eio. l. — Section thiough the ovary of an untreated pigeon. Note the distribution of alkalme 
phosphatase. 

Eicr. 2. — Section through the ovi<lm t of an untreated pigeon. .Phosphatase is present in the 
tubular glands. 

Fig. 3 . Section through the ovary of a jnogestorone -treated pigeon. Compare with fig. 1. 

Exo. 4. Section through the oviduct of a progesterone -treated pigeon. Phosphatase is absent. 

Fig. 5. Section through the ovary of a DCA-treatod pigeon. Note the spectacular mobilization 

of alkaline phosphattise in the theca. 

Fia. 6. — Section through the oviduct of a DCA-treated pigeon. Compare with tigs. 2 and 4. 
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Introduction. 

The larva] development of the European Transparent Gobies, Ai^hya pellucid us 
Nardo, and Crystallogobius nilso?ii \. Dub & Kor, has b(.M>n described by Labour 
(1919), but nothing was so far known about the breeding and development of the 
Indian form, Oobiopterus chnno (Hamilton). During regular collections of mullet 
fry, the larvae of this fish were secured in the plankton net from a brackish water- 
pool in Baguranjaljxd, a coastal \illago in Contai (W. Bengal), during the months 
of October and November. This pool is situated near the farthest end of a narrow 
creek. During the spring tides the pool gets connected with the main creek, but 
otherwise remains isolated. At the time of the collections referred to above, the 
pool had thus Ixxju cut off, for over a week. The collections contained numerous 
mature ‘Chuno’, many of which were in the oozing condition. 

Breeding Season and Fecundity. 

Adult ‘Chuno’ were observed to be present in the collections from this area, 
from June onwards. A few mature specimens were obtained in August, but they 
occurred in appreciable numbers only from September to December. The larvae 
were collected during October and November, and it may bo inferred that they 
breed in the locahty at least from October to December. Mature females have the 
abdomens greatly distended with eggs, w^hich are quite visible through the body 
wall. The adults of the species exhibit marked sexual dimorphism. The genital 
papilla which is present in both the sexes, is stouter and more promineiit in the 
female (Text-fig. la) than in the male (Text-fig. 16). The ripe female has the 
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conical teeth on the jawB considerably larger than the minute ones found in the male 
as already described by Hora (1923). In the ovary of a specimen 23 mm. long 
there wore only 276 eggs. All tho eggs were nearly of the same size and stage of 
maturity suggesting that all of them were meant for one spawning. The mature 
specimens varied from 22 mm. to 24 mm. in length, and in our collections which 
consisted of more than 900 specimens, there were no mature ones below tliis size 
range. 



Tkxt-fic. 1. (a) Tlie go nit al papilla of a female 

(h) The genital pajnlUi of a male X 35. 


Ovary and Ovarian Eggs. 

41ie two lobes of the ovary are of tlie same size and shape, arul as maturity is 
attained they swell considerably with the result that they come to lie in close 
apposition, the whole ovary appearing as a single oval mass. A ripe oviirian egg 
(Text-fig. 2a) is nearly spherie^d in shape, and measures 0-425 mm. to 0-5 mrn. in 
dhimeter. When examined under the microscope, numerous unbranched adhesive 
threads can be seen radiating from a point on the egg membrane, pn^sumably for 
attachment to vegetation or other objects in the water. There is a single large 
oil globule besides several small ones distributed in the yolk. 


Larval Development.* 

Specimen 17 mm. lotig. — (Text-fig. 26). This is the earliest stage in our 
collections. The yolk mass at this stage appears to have been fully absorbed. The 
mouth is inferior and the alimentary canal is a straight tube. The vent is situated 
at about tho mid body length below the 9th myotome. The eyes are fully pig- 
mented and tho auditory capsule is recognizable. The median finfold is continuous 
and extends dorsally to the head. 

Specimen 2'7 mrn. long. — (Text-fig. 2c). The body of the larva at this stage 
has essentially the same shape as tho 1-7 mm. larva. The median finfold has 
become narrow dorsally and the caudal lobe has been demarcated. The {)octoral 
fin is visible at this stage as a transparent membrane. The intestine shows a 
slight bend. The vent has shifted slightly backwards and is situated below 
the 11th myotome. The air bladder is conspic uous. 

Specimen 3.4 mm. long. — (Text-fig. 3a). At this stage the body appears slightly 
compressed. The mouth is still inferior in position. The air bladder has become 
longer and is clearly visible. There is a large pigment spot above the air bladder 


* Tho descriptions and moasuremonts ore based on permanent mounts of specimens. 
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which is characteristic of the gobiid larvae. Dorsally the finfold stops short of the 
trunk region above the 11th myotome. The soft dorsal and the anal fins are more 
or loss demarcated. The caudal fin has a nearly straight posterior margin. 




TiiXT-no. 2. (a) Ovarian ogg xl^>0. 

(6) A 1-7 mni. long spocimon x55. 
(c) A 2*7 mm. long spocimon x 65. 


Specimen 4 3 mm,, long. — (Text-fig. 36). The body of the larva of this size 
is well compressed. The mouth is now terminal in position and the dorsal profile 
of the head is more prominently arched. The pigment sxK)t is very prominent 
now. The pectorals show indications of rays on them. The notochord shows a 
slight bend upwards at its tip. In alizarin stained specimens, 10 pre-anal and 15 


4 
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post-anal vertebral segments can be clearly counted. The soft dorsal and anal 
lins have their rays lully differentiated. There are indications of rays on the 
caudal. The spinous dorsal is not yet evident. 

Specimen 5 4 7 nm. long, — (Toxt-fig. 3c). The body has ^own slender, and 
the caudal peduncle is somowliat constricted and in this region the dorsal and 
ventral profiles are almost straight and parallel. The tip of the peduncle is no 
more pointed, but is broad and truncate. The mouth is now slightly superior and 
oblique. The gill rudiments can be seen through the opercular fold. There is a 
single cliromatophoro on either side of the body, situated above the liosterior end 
of the anal fin. The soft dorsal, ^caudal and anal fins have been separated and are 





Text-fio. 3. {a) A 3* 4. mm. long specimen x56. 

(/>) A 4-3 mm, long specimen (Alizarin stained) X 60. 
(c) A 5-4 mm. long specimen X 36. 

{(i) A 6-3 mrn. long specimen x36. 

(e) A 7*5 mm. long specimen x 36. 

4 » 
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fully developed. The pectoral and pelvic fins can be seen as transparent membranes 
without any rays. There is still no indication of the sjjinous dorsal. The caudal 
has assumed the truncate shape of the adult, and all the thirteen rays besides some 
incomplete ones have been formed. 

Specimen 0-3 mm, — (Text-fig. 3d). The body shape is essentially the same as 
of the 5*4 mm. stage. The mouth is more superior and obUque. Teeth are visible 
on tlio jaws. A ventral row of black chromatophoros is seen on either side of the 
body extending from above the anal fin to tho tij) of tlio caudal peduncle. Of those 
the sixth from the anterior end, which was visible in the previous stage is the largest. 
The spinous dorsal has been formed. Tho j)ectorals show indications of rays on 
them. The pelvics have partially united and begun to develop rays. 

Specimen 7'5 mm, long, (Text-fig. 3e). Specimens of this length have almost 
all the adult characters, except for tho absence of scales. The mouth is definitely 
superior and oblique; and the eyes are situated on the sides. There are two long 
chi*omatophores below the chin and a few pigment spots at the base of the caudal. 

Significance of the Developmental features. 

The larval development of the ‘Chuno’ is remarkably different from that of 
the common gobiids. Hildebrand and Cable (1938) have stated that generally 
in gobiid larvae, at hatching ‘ tho mouth tends to be horizontal and inferior, but 
very soon becomes rather obhque’; and as the adult stage is reached tho mouth in 
at least several species assumes again nearly tho position occupied at hatching. 
The caudal fin when formed has either a straight or a slightly rounded margin and 
as the devolo])ment of tho fish jwogrosses this becomes more or less concave. In 
some species tho caudal tin becomes round only after virtually all the adult characters 
are developed. Lebour (1919) has observed that the eyes which are situated on 
tho sides of the head in the post-larval stage of gobiids, shift to tho dorsal surface 
as tho fish c;hange their mode of life — the pelagic lai;yae descending to the bottom 
where the adult lives. An examination of the features of the larval development 
of t he ‘Chuno’ show s that as in the European Trans^jarent Goby, Aphya pellucidus 
(Lebour op, cit,)y the development of liiis fish gets arrested at the post-larval stage. 
The body remains transparent tlnoughout its life as in the post-larvae. The mouth 
which has become obhque in tho post-larval stage remains so in the adult. Tho 
caudal tin does not get rounded in the adult and the eyes continue to remain on tho 
sides. The fish is truly pelagic all tlu-ough its iffe, and does not change to bottom 
living as is tho case with most of the gobies. 

Bionomics. 

General, — G. chuno is an inhabitant of brackish water areas. It has been 
recorded from the estuary below Calcutta. (Hamilton, 1822) and the Chilka Lake 
and the Salt Lakes of Calcutta (Hora, 1923), Koumans (1941) gives India, Singa- 
pore and Siam as the habitat of this species. Hora (1934) recorded the specific 
gravity of the water of its habitat in Chilka, and remarked that the salinity of tho 
other pieces of water in which Gohiopterus lives is not known. Our observations 
are mainly based on collections made from the creciks (»f Baguranjalpai. The 
chlorinity of the wator at the times of collection from Juno to December ranged 
from 0 06% to 0-97%, and the temperature varied from 80'6°F. to 89°F. The 
hydrogen ion concentration showed a range of 8*2 to 8*6. ‘ Cliuno ’ has been collected 

by us from the enclosed mullet farms near Calcutta and tho river Hooglily also; 
wliich shows that they thrive in standing as well as running w^aters. The fact that 
the yoimg and adults were always collected in surface tow nets proves that they 
are truly pelagic in their habits. As already pointed out by Hora {op. cit.) tho 
pelvic fins are united only half-way forming a funnel liko tube wliich does not serve 
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as an adliesive organ, as is generally the case in other gobies. Our observations on 
live specimens in the laboratory confirm this. 

Hora (1923) stated that he could not make out any definite striae in the 
central portion of the scales of ‘chuno’. Though the sculptural details are not 
recognizable normally, when stained with alizarin the scales show clearly rows 
of circulii extending along the basal and lateral regions. Text- fig. 4 shows the 
scale of a mature specimen 24 mm. long. The nucleus is not visible, but 12 circulii 
wliich stop short of the apical margin can be seen. The scales do not show any 
sort of amiulii formations. Colett (1878) and Lebour (f919) suggested that the 
European Transparent Goby, Aphya, dies after spawning and is probably an annual 
fish. Though further observations are necessary to say whether this is so in G, 
chunOy the absence of annulii formations on the scales and the fact that all the eggs 
in the ovary are of the same stage of maturity, seem to point to a similar condition. 



Food and Feeding . — Hora (1934) stated that the ‘chuno’ feeds on copepods 
and other planktonic Crustacea. Analysis of the gut contents of 60 specimens 
ranging from 9 mm. to 24 mm. collected from Baguranjalpai, Hooghly and 
Ghutiari- Sharif showed that planktonic copepods formed the cliief constituent of the 
diet. Occasionally nauplius larvae and in one specimen Zoea Macrura, were found. 
The gut contents of the young as well as the adult specimens were similar, indicating 
that no dietal change takes place during the growth of the fish. No noticeable 
local variations in the menu was observed. The stomachs of ripe females were 
invariably found to be empty, indicating cessation of feeding during breeding since 
the gonads occupy so much room that very Httle space is left for the ahmentary 
canal to function. The upturned mouth, and the nature of the food taken, show 
that it is a surface feeder. 


Summary. 

Qohiopt&rua cliuno breeds during October to December in the Contai area. Generally there 
are 2vl0“300 eggs in the ovary, and all of them are meant for a single spawning. Adult females 
can be distinguished from the males by the presence of stouter and more prominent genital 
papilla^), and larger conical teeth on the jaws. The development of larvae from 1-7 mm. stage 
to the juvenile stage is described. It is inferred that the development of the fish is arrested at 
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the post-larval stage. The fish remains pelagic all through its life. Though the scales do not 
show any annulii formations striae can bo made out in scales stained in alizarin. From the 
analysis of the gut contents, it is inferred that (1) it foods at the surface on zooplankton, (2) the 
food of young as well as adults is the same, and (3) there are no ax)preeiable local variations in the 
menu . 
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Introduction. 

With tho increased industrialization of the country, the part that chemical 
works and other similar industrial concerns play in the reduction of food supplies 
from fisheries, is becoming more and more pronounced. The toxic effluents from 
tho different industries like chemical works, paf)er mills, artificial silk factories, 
sewage works, beet sugar factories, food canning factories, etc?., which are generally 
discharged into the national waterways, are polluting vast stretches of natural 
waters rendering them uninhabitable for fish life. With the realization of the 
dangers of this pollution and the consequent destruction of tons of edible food 
fish, it has become a necessity to devise ways and means for the safe disposal of 
these industrial wastes. In India, while the problem is still not very acute, the 
few contributions already existing on the subject (Hora, 1942; Hora and Nair, 
1944 ; Malden, 1943 among others) and the country's comprehensive industrial 
programmes are sufficient warnings for having careful vigilance on the nature and 
extent of pollution of the major rivers which besides affording very lucrative 
fisheries, sustain the almost entire tank fisheries in India by supplying fish seed. 

The Godavari, the Kistna, the Thimgabhadra and the Can very are the major 
rivers of Madras ; and of these, the Cauvery alone fetches over two-thirds tho total 
revenue from inland fisheries in tho province. In the present communication an 


* Published with the kind permission of tho Director of Fisheries, Madras. 
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instance of pollution of the river Cauvery and the consequent large-scale mortality 
of food fishes, particularly in a conserved area, is discussed at length. 

The factory effluents from the Mettur Chemical and Industrial Corporation, 
Mettur Dam, arc polluting the river Cauvery at Mettur and cause large-scale mortality 
of fish. It is evident that if this practice is allowed to continue unchecked, the 
fisheries of one of the major rivers of the province will be seriously jeopardized 
sooner or later. Kemedial measures have therefore to be promptly taken up in 
the interests of preservation of valuable food and game fish. The efficient and 
economical method of disx)osal of the factory effluents, depending upon tlieir nature 
and local conditions is thus an urgent necessity. A detailed investigation of this 
biochemical probiem was therefore carried out for three years (1945 to '48), and the 
results obtained, with certain recommendations for the future, are presented in 
the succeeding pages. 


Mettur Chemical and Industrial Corporation, Ltd., Mettur Dam. 

{a) Location: (Fig. 1 . Map). 

The factory is located very close to the Mettur reservoir at a fairly high level 
at the foot of a hillock which has a natural slope towards the Ellis snr])lijs course. 
The area surrounding th(^ factoiy is of a rocky nature. The nearest place where 
the factory effluents can be discharged is tlie reservoir, but the effluents will have 
to be pumped. The Ellis surplus course is also closely situated and because of the 
natural sloj)e towards it th(‘ wastes can be easily discharged into it by gravitational 
flow. The rocky nature of the surrounding land precludes the possibility of disposal 
of the effluents on land. 

(h) The Factory Effluents : 

Quemtity . — A fair id(‘a of the quality and quantity of the pollutional wastes 
could be formed from tlie following list of the important products manufactured 
by the concern : 

Caustic soda, blea(4iing powder, vanaspati, refined oil and bleach liquor. 

It is obvious that waste products from sections producing caustic soda, 
bleaching powder and bleacfh liquor are likely to render the greatest harm to fish 
and other animal life. The aj)proximate total quantity of the wastes emanating 
from the chemical works is estimated on an average at 10,000 gallons of liquid per 
day ; but a much higher quantity, as many as 23,000 gallons per day, of the wastes 
will be produced when the plants are working at maximum capacity. 

Quality , — Samples of the effluents have been examined and the results of a 
typical analysis are given in Table I. The carbonates and chlorides of calcium and 
sodium are found to be the dominant salts in the effluents. The large amounts of 
caustic alkalis and the excess of suspended matter are, no doubt, deleterious to 
fish life. 

Weekly analyses of the factory effluents were carried out for over a year 
(April, 1946 to June, 1947) for studying the variations in the most imjiortant harmful 
substances such as hydroxide, carbonates, free chlorine and combined chlorine ; 
and the range of variations and the monthly averages of these are furnished in 
Table II. The hydroxide content varies from 1*36 to 75-3 parts ; carbonates 
(expressed as CO 3 ) from 0-8 to 27*63 parts; free chlorine from nil to 19*6 parts and 
total chloride chlorine from 31*6 to 424*8 parts per 100,000. 

Welles (1916) found that fishes do not thrive in highly alkaline waters, but 
become sluggish and inactive. ‘Salts present in excess or without the proper 
antagonistic salts or ions, and salts not cqmmonly present in quantity in freshwater 
are toxic to freshwater animals' (Ward and Whipple, 1918). Carbonates are not 
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essential to the life of fishes and when present alone, are rapidly fatal because of 
their alkalinity. It is also known tha,t the presence of an excess of calcium causes 
the tail fins of certain species of fish to degenerate and also tend to lower the 
metabolic activity of organisms. 

Effect of the Factory effluents on the Water and Fish in Pools formed 
IN THE Ellis surplus Course during different seasons of the year. 

Figure 1 illustrates clearly the location of tht^ Stanley reservoir, the Mettur 
dam, the course of the Cauvery in the art^a, the Ellis surplus channel and th(‘. scries 
of rock pools formed therein, in relation to the Chemical factory discharging 
effluents. The surplus course runs almost xiarallcl to the river course, amidst large 
rocks and joins the main river at Kollanayagampatty, about three miles below 
the dam. The entire surplus course, from the point of view of pollution, may 
roughly be divided into two sections ; the first, from the Ellis bridge down to 
Mattathuparai, and consisting of five almost continuous ]^ools, and the second, 
from Mattathuparai (indicated by the line XY in Fig. 1) to the confluence with 
the main river and consisting of another set of six ])ools. Pools 2 to 5 of the first 
section which are smaller and are located at a comjiaratively higher level are infer- 
connectfid and are directly polluted by the factory efilu(‘nts. The first pool is 
situated slight!}^ above the point of discharge of the effluents and is therefore not 
ordinarily contaminated. The ])ooIs in the second section are bigger and deeper 
and are at a lower level than the first set of pools. Those pools are not directly 
contaminated by the efiHuents. 

The factory effluents from the Mettur Chemicals flow by giavity through a 
meandering channel (Fig, 1) in the rocky ground for about a furlong and are dis- 
charged into the nearest j)ool in the surplus course. As the toxic effluents accumulate 
they flow into the neighbouring pools and pollute them. Pools 2 to 5 are most 
affected and during the non-surplussing months the water in these pools turns 
whitish with the accumulation of the effluents and is absolutel}^ unsuitable for 
fish life. 

With the construction of the Mettur dam across the river Cauvery the natural 
highway for the fishes from the lower reaches to the ui:)per is cut ; the flow of w’^atc'r 
through tlu' high and low level sup])ly channels and the power house turbines being 
of tremendous velocity the fishes an^ seldom found to negotiate these successfully 
and migrate to the reservoir. However, when the level of water in the reservoir 
reaches 100 feet the Ellis surplus begins to function, when the fishes are able to 
freely migrate upstream and thus overcome the barrier of the dam. The economi- 
cally important carps and catfishes of the Cauvery breed during the rainy months, 
June to August and October to December. Depending upon the annual rainfall in 
the catchment area of the reservoir and the source of the river, the ])eriod of 
surplussing of the Ellis chaimel varies, and the migration of fishes for breeding 
purposes directly depends on the period during which the surplus channel functions. 
The following table gives the period during which the surplus functioned for the 
years 1945 to 1948: 


Year. 

Dates on 

\ 

which surplussincr 

1 


1 

commenced. 

1 

stopped. 

1945 

.. 1-1-1945 

20-1-1945 

1946 

. . 8-8-1946 

31-12-1946 

1947 

.. 1-1-1947 

13-2-1947 

1947 

. . 1-6-1947 

20-6-1947 

1947 

.. 27-8-1947 

26-11-1947 

1948 

.. 26-7-1948 

7-11-1948 
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Since during their upstream migrations thousands of fish (the major carps 
Caila caila^ Cirrhina cirrhosa, Labeo hontiuSy L. fimbriatiiSy L. calbasu, Labeo sp., 
Barbus dnhiuSy B. carnaticuSy B. hexagonolepiSy etc. and the catfishes Mystus seen- 
ghala, M. ao7\ Walla^onia attu, Pangasius pangasiuSy Silonia silondia, etc.) 
congregates in the supj)ly cliannels and the EDis surplus course, a three miles stretch 
of the river, from the Mettur dam downwards has been declared a conserved area. 
The necessity for ensuring free movement of fish through the Ellis smplus course 
is thus obvious and any pollution of the waters in this only natural highway for the 
migration of brood fish is to be considered most seriously. 

In the present instance, while the steady, year-round discharge of the effluents 
into the river system may have a (cumulative effect on the waters, their poUutional 
effects are felt only during the summer months when the surplus channel does not 
function. The conditions of existence in the rock pools in the surplus course were 
studied both during the ‘non- surplussing’ as well as the ‘ 8u.r|fiussing ’ periods and 
the effects of the factory wastes on the fishes observed. The physico-chemical 
(conditions of the wastes (luring the different seasons are fiuTiished in Table 111. 

Tiuc efflucents as they flow from the effluent pit in the factory to the surplus 
channel, undergo c(‘rtai]i changes. The suspended solids largely settle down at the 
bottom of the drain and by the time they reach the surplus course, generally appear 
as a more or less clear fluid. When water overflows in the surjflus chaimel, the 
effluc Tits get readily diluted and except in the immediate vicinity of the point of 
discharge, the characteristic whitish discolourization of water is not seen. 
Chemical analysis of water samples also show that only the fij\st pool is appreciably 
aflected during this period (Table III, A). The very low chloride contents in sam])les 
from the first threcc pools clearly indicate the enmmous dilution of the pollutants, 
•^rhe fishes are appar(‘ntly not affected then by the pollutional disecharges, and shoals 
of t hem could be seen migrating upstream. Several s];)ecim(ms of Barbus carnaticus, 
B. filarnentosus and Xenentodon cancila were found in the immediate vicinity of the 
])oint of discharge of the effluents ; and no dead fish were observed during this 
])eriod. 

With the fall in level of water in the reservoir, the flow in the sur])lus course 
also decreases. The conditions of existence in the surplus pools were studied during 
th(^ last stage of overflow from the reservoir, for 6 days, from 18th to 23rd November, 
1947 (lll-A). The surplus c(3urse ceased to funclion on 20-11-1947. On 18th 
November, the level of water in the reservoir was 106-95 feet and 23,143 ciisecs of 
water were oveiflow ing. By 23rd November the level had come down to 100-35 feet, 
when only 17,437 cusecs of water were overflowing. The above flow was quite 
sufficient to dilute the toxic effluents and render them harmless for fish life. The 
biological conditions were more or less similar to the former period of full overflow 
and shoals offish were moving u}>stream (Table IV- A). The first pool which received 
direct discharge of the effluents, was, h( 3 wever, avoided by fishes. The high 
alkalinity of water in this pool is to be attributed as the reason for this behaviour 
of fish. 

With fui-th(>r fall in the reservoir level and the cessation of overflow through 
the Ellis surplus, the deep rock ]>ool8 become isolated, and the thousands of carps 
and catfishes that were struggling to n(^gotiate the torrential flow, get trapped in 
them. The neighbouring pools are connected togcisther only by a meandering flow 
through narrow streamlets. With the steady accnmulation of the toxic effluents, 
the hydrological conditions in the pools soon become absolutely unsuitable for fish 
life and large-scale mortality of the trapped fish takes place generally within a week 
or ten days after the surplus has stopped functioning (Tables III-B and IV-B). 
Even though this has become more or less a regular annual feature, no effective 
rescue operations like collecting the fish and releasing them into the reservoir, etc., 
are feasible since the rock pools are very deep, with steep sides and accessible only 
with difficulty. Thus the number of fish destroyed is very large and the 
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significaiice of this is increased severalfold when it is remembered that the fish 
trapped are mainly carp breeders and fingerlings. With the continued accumulation 
of the effluents the entire fish population in the first four pools is destroyed (vide 
Table IV-C and D). 

A critical examination of the data furnished in Table 111 will show that tlie 
presence of toxic substances like free chlorine and hydroxide is mainly responsible 
for the mortalii.y of fishes. When there is overfiow through the surplus course free 
c.hlorim^ and hydroxide are absent in pools 2 to 5, but soon aftca* flow of wate^r 
stopj)ed in the surplus channel, these toxic substances began to increase in all the 
pools and reached lethal proportions in a week’s time. It is also seen that even with 
continued stagnation, lethal amounts of the toxic substances are present only up to 
the fifth pool and not beyond. However, during advanced periods of stagnation, the 
toxic substances undergo ceHain fluctuations probably due to the })rocess of mixing, 
sunning and sedimentation and occasionally the free chlorine and hydroxide contents 
are diluted. A thick whitish slim}^ deposit of lime covering almost the entire bottom 
surface of the pools is characteristic during these periods of stagnation. 

A general picture of the biological conditions of the ])oliuted pools is 
ol)taiiiable from Table IV. As already stated, during the pcaiod of overfiow, diu^ to 
the excessive dilution of the effluents the fislies are not adversely atfected. The 
rocky beds of the pools are almost bare withoTit supjKjrting any considerable algal 
growth, ])robably because of the torrential flow of water. Plankton is also vc^ry 
poor under the loti(; conditions. With the fall in level of w ater, when lentic condi- 
tions prevail in the pools, algal growth is api>reciable, but the first two pools are so 
surcharged wdth the toxic effluents that tliey do not support any ]>lankton growth. 
Detailed observations (vide Table V) made on 20-6-1947, six days alter the oveifiow' 
through the surplus had sto])})ed, show that fish life was absent in the fii’st three 
pools, while in the 4th and 5th pools some fish were still jaesent. Water in the 
latter pools w^as greenish in colour, mainly due to thick growdh of Oscillator la. Insect 
life was not very plentiful, though specimens of Nepa (with a wdiite encrustation 
on the body) were seen swimming even in the first p>ool w^hich received dirca-t discharge 
of the effluents. Chironomid larvae were common in the marginal slimy ejicru stations. 
An uncontaminated pool (marked ‘A’ in Fig. 1 and item 8, I’able V) a])ove the 
point of discharge of the effluents, contained abundant fish life (Cirrhina cirrhosa, 
C. rebdj Labeo kontius, L. fimhriaivs and Barbus carnatic/us were the dominant sjx'cies) 
and no mortality' had taken place in this pool. With continued stagnation and 
accumulation of effluents the conditions of existence in t he first se t of ]H)o1s become 
more and more rigorous. Special observations made on 21st uT\d 2Gth Febriuuw, 
1948 (vide Tables VI and VII) about three months after the sur])lus flow^ of water 
had sto})ped, indicate that while fish are still absent in })ools 1 to 4, a large number 
of them wer(> found in the fifth ])ool. Water in pools 3 to 5 w as bluish-green or 
grcjcn in c;olour and a thick giowtli of Oscillatoria w as characteristic. Dark, floating 
masses of this alga were numerous in pools 3 and 4. Several frogs could also be 
seen but no fish could either be seen or netted. In the shallow^er port ions of the 
three pools (3 to 5) thousands of aquatic oligoehaetes (Tubificids) could be seen 
and these rendered the bottom appear reddish in places. Their (ddoride contfuits 
are also considerably higher. Dissolved oxygen in the water (sample taken at 
noon on a bright sunny day) varied from ‘niP in pool 3 to 1-9 c.c. ])er litre in pool 5 
(Table VII). The very low oxygen content and the abundance of worms at 
the bottom indicate excessive organic decomposition. Phytoplankton w^as not very 
rich and was re})resented in fifth })ool by Anahaenay Pediastrvrn and Pleurococxus 
in the order of abundance. Zooplankton w^as fairly rich, consisting mainly of 
copepods (Cyclops) and rotifiers (Polyarthra). Barbus carnuticus was the dominant 
species of fish while few specimens of Labeo hontius were also present. Ripe males, 
8' to 9" in length, were common in the former species, while all the Labeos were 
of the fingerling stage. 
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The biological conditions of the pools (Nos. 6 and 8 in Table VII) in the second 
section of the surplus course, adjoining the fifth pool of the first section, offer 
interesting contrast. No mortality of fish had taken place in these pools and shoals 
of large fish, Cirrhina cirrhom, Laheo Icontius, B. camaticus, Laheo cMbasu, 
L. firnbriatus, Labeo sp., smaller barbels like B. filamentosus and fingerlings of L, 
Icontius, Laheo sp., B. camaticus and G. reba in hundreds could be seen in the surface 
waters, while the frequent scattering of these shoals by the violent movements of 
some larger fish clearly indicated the presence of predators like Wallagonia attu 
Mystus secnghala and Bilonia silondia. As is clear from Table VIII the harmful 
(effects of the })ollutants are not felt in these pools and even in advanced periods of 
stagnation (2()th March, 1948, i.e. about 4 months after the overflow had stopped) 
free chlorine and hydroxide are generally absent. Their chloride contents are also 
comparatively low^er. An abundance of plankton (zoo-plankton dominating) in 
spite of the presence of a rich fish crop, and the moderately high _pH and dissolved 
oxygen values indicate the greater organic production in these pools as compared to 
the polluted ones. 

Experimental Observations : — 

The physiological responses of the fishes to varying concentrations of the 
factory effluents were studied under laboratory conditions and the results are 
tab\ilated below. 


No. 

Finh experiiTiojited. 

Size in 
inches. 

Proj)orf ion of 
('Uluent to 
Corj)oratiou 
water. 


Parts per 100,000. 

Fate of fisli. 

Free 

<■12- 

Chlorides. 

1. 

A . Control 

Catl<(, CMtla 

Ktrojdus snratensis 
liashora danico niu s 

4-0 

.30--4 

2-0 

Corporation 
water oidy. 

1 

7-2 

ril 

10*4 

All alive till end 
of experiment. 

2 

1^0. 

do. 

Factory 
oflfluont alone 

>0-6 

0-8 

400-0 

Instanta r leo ua 
death . 

3. 

B, Dilutions 

Catla catla 

Etroplus suratensis 
Rashora daniconius 

do. 

1 : 1 

>90 

00 

235-2 

All died in 
5 niiiiiitos. 

4. 

Do. 

do. 

1 : 10 

9-2 

0-4 

51-27 

Do. 

5. 

Do. 

do. 

1 : 50 

9 0 

Trace 

19-20 

All died in 
20 minutes. 

6. 

Do. 

do. 

1 : 100 

8'6 

Do. 

14-85 

All died in 
6 hours. 

7. 

Do. 

do. 

1 : 1000 

8-0 

nil 

10-84 

All alive after 
8 hours. 


It is evident from the above that the three species of fish representing the 
major carps {Catla catla), the semi-exotic perch (Etroplus suratensis) and the carp 
mimiow (Basbora daniconius) were able to survive for over 8 hours in dilutions of 
about 1 : 1000, while in 1 : 100 dilution aU of them succumbed within 6 hours. It 
is likely that the death of fish was due to the presence of free chlorine in the diluted 
samples. 
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A second series of experiments, using the top minnow Gambvsia affinis^ was 
therefore carried out to find out the lethal doze of free chlorine. Using bleaching 
powder containing 30-5% of available chlorine, chlorine -water was prepared such 
that 0*164 ml. of the solution was equivalent to 1*0 p.p.m. of chlorine. Seven 
beakers, each containing 500 ml. of pond water were arranged and three fish, 1-5" 
to 2 0'' in length, were introduced in each. Varying volumes of chlorine water, 
as detailed hereunder, were added to the beakers of which one was kept as control. 
The following results were observed : — 


No. 

Chlorine-water added. 

Duration. 

Fate of fish 

J. 

93-75 p.p.m. 

3 minntos. 

All died. 

2. 

62r>() „ 

r> „ 

1 died. 



ir> 

2 diod. 

3. 

lS-80 „ 

15 „ 

1 „ 



18 

1 „ 



20 „ 

1 

4. 

12*50 

23 „ 

1 „ 



30 „ 

1 



40 

1 ,, 

5. 

6-25 „ 

m 

3 

6. 

1-00 „ 

2 hours. 

All ulivo. 

7. Control. 

Nil. 

2 „ 

>» >> 


It therefore appears that (7. affinis is able to withstand 1 p.p.m. of dilorine in 
pond water. In the factory effluents free chlorine content has been found to vary 
from nil to 196 p.p.m., an amount that is more than double the doze that caused 
death of Qainbusia in three minutes. The free chlorine content of tlie effluents is 
really high and is not ordinarily met with in any diinking water. 

Attempts at Disposal of Wastes. 

With a view to find out effective remedial measures to check this annual heav}^ 
toll on the Cauvery fisheries attempts were made to neutralize the toxic effluents 
and dispose of them in such a mariner as to be innocuous to fish life. Three methods 
were tried as follows : 

(a) Neutralization with Hydrochloric Acid : 

This method was tried by the factory authorities on their own initiative, since 
the required acid was being manufactured in the factory itself. They aimed at 
producing a neutral effluent with no trace of free chlorine, by installing an acid 
vessel from which pre-determined quantities of acid were allowed to mix continuously 
with the effluents as they were pumped out from the settling tank. However, the 
results of examination of the wastes before and after one such acid treatment showed 
that in more than 50% of the samples handled the hydroxyl (OH) alkalinity was 
still present as also traces of free chlorine, and the pH of the samples was as low 
as 5*7. From the economic aspect the cost of treating 1,000 gallons of the effluents 
in the above manner amounted to Ils.3. 

A sample of the effluents, treated as above, was used to find out whether fish 
could thrive in it for any length of time. Using the reservoir water as control, it 
was found that fingerlings of C. cirrhosa and C. reha, 4 inches in length, died within 
15 minutes when placed in a sample of the treated effluents. The low pH and the 
presence of caustic alkali and appreciable quantities of free chloiine (Trace to 
0*2 parts per 100,000) were probably responsible for the death of fish. 

(b) Recovery of the Effluents by utilization for water purification purposes. 

The effluents contain appreciable quantities of caustic lime, free chlorine, 
chloride chlorine, fat, etc. Lime and free chlorine arc two important substances 
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generally used in water purification. The former is ordinarily used for increasing 
the alkalinity of presedimentation waters before coagulation with alum as is now 
being done at Trivandrum, Bangalore and Mettur water- works. Houston’s ‘Excess 
lime’ method of purification of river waters is also based on the same method. 
Chlorine is used in all water-works for the final disinfection of purified waters before 
distribution to a town’s water supply. 

In the present instance the excessive chloride chlorine and fat contents of the 
effluents might be objectionable for their use in water purification. Hie waste oils 
and fats mixed in the effluents (;ould, however, be prevented from mixing with 
those from the alkali and other sections by suitable device. Laboratory experi- 
ments were therefore carried out with the effluents to ascertain the minimum amount 
of the wastes required for purifying raw river water from the Cauvery. Samples of 
river water were treated with the effluents at the rate of 0-5, 1*0, 1-5, 2 0 and 2-5 
grains of calcium oxide (CaO) per gallon of water, and then with one grain of alum. 
A sainjilc treated at the rate of 0-5 grains of CaO per gallon was analysed at the 
King Institute, Guindy, Madras, and was reported: ‘Colourless and clear and 
appeared to be of very good quality from the chemical point of view.’ 

Finding that the effluents could thus be utilized for water purification purposes, 
it was necessary to ascertain whether all the effluents could be used locally. The 
‘Mettur Chemicals’ are using about 0*17 million gallons of water daily Ibr industrial 
and domestic purposes. If this whaler is to be treated with t he effluents at t he rate 
of 0*5 grains of CaO per gallon, the quantity required will be only 11% of the total 
effluents prodvK*.ed, the bulk of which will therefore remain undisposed. 

The suspended solids in the effluents arc now^ being trap23cd in large settling 
tanks inside the factory and occasionally discharged outside. The solids contain 
60 to 70% of calcium oxide, but is relatively vahuiess as lime, owing to the ])resenc!e 
of other const ituents like basic salts of calcium chloride, etc. 

(c) Dilution. 

Tlu^ possibility of eflective dilution of the effluents before discharging into 
the r(^s(irvoir, so as to bring down the caustic alkalinity within harmless limits to 
fish lifii, w^as considered, since plenty of w^ater is always available (drought years 
exce])ted) in the nearby reservoir and sinc^e electrical energy at cheap rates is also 
available for pumping sufficient water to dilute the wastes. The effluents wave 
diluted in the ratio of 1 : 9, I : 99, 1 : 999 and 1 : 9999, under laborat ory conditions 
and the diluted samples were examined for their alkalinity, chloride chlorine and 
2 >V!L. It was found that I : 99 dilution of the wastes w^as most economical and safe 
from the point of view of alkalinity, chloride and pH, but the dilution experiments 
with Corporation tap w^ater have already shown that even in 1 : 100 dilutions fishes 
could not survive for more than six hours. The cost of pumping 1,000 gallons of 
the effluents, together with water from the reservoir for the different rates of dilution 


w^as ascertained as follows : — 


Dilution. 

Cost in Rvjxics. 

1:9 

0'38 

1 : 99 

3*80 

1 : 999 

38(K) 

1 : 9999 

380(K) 


The maximum daily discharge of 25,000 gallons of the effluents, if to be diluted 
in the ratio of 1 : 99, would thus cost about Ks.95 per day (approximately R8.30,000 
per annum). An attem]>t was therefore made to dilute the effluents in the ratio of 
1 : 10 on a large scale in the process rooms by pumping raw water from the 
reservoir. The hydroxide alkalinity of the diluted samples was, however, found to 
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be harmful to fish life and was therefore considered unfit for discharge into the 
Ellis surplus course. 

Discussion of Results and Recommendations. 

The effluents from the Mettur Chemical and Industrial Corporation, Ltd., 
Mettur Dam, Madras, are essentially liquids containing a liigh ]j(‘rcentago of 
suspended solids due to calcium carbonate and I'atty substances. They are also 
noxious due to the presence of free and caustic lime and free cliloiine, hut are 
potentially valuable on account of the presence of about 70% of lime (CaO). How- 
ever, no recovery and treatment plants for CaO have so far been set u]) ])y tlie 
factory authorities, either because they tend to be costly or because pure calcite 
(96-0 to 98*0% CaO) is easily available in enormous quantities and at cheap ral(‘s 
from a neighbouring locality called Sankaridrug. The effluents wei e therefore l)eing 
merely discharged into the nearby Ellis surplus course which serves as the overflow 
channel for the Stanley reservoir wdien its water level rises above 100 feet. But, 
as already detailed, the Ellis surplus course is a conserved aiea for the fisluaic's of 
the Cauvery and is the only natural highway for the spawning migrations of the 
economically important major carps of the river. It is also seen that so long as 
there is regular and continuous flow of water through the Ellis regulator, the fishes 
aiH^ unaflected by the effluents discharged into tlie (‘lianmt ; that when once the 
overflow is stopped, eleven pools of diiierent sizes are formed in the Ix'd of the 
channel; that the first live pools, extending from the Ellis bridge to Matt at Ini] Kira i 
receive direct discharge of the effluents, resulting in total mortality of* all tish life 
in at least the first four pools, and constitute the zone of pollution; and that the 
second set of six ])ools extending from Mat tathuparai to tlie confluence of the channel 
with file main river, forms the zone of recovery. The accumulation of caustic alkalis 
and free chlorine in the water has been found to be the cause tvf mortalit y of fish 
trapped in the pools. The series of laboratory experiments carried out showed that 
eviui if the (‘ffluents are diluted with 100 times w^ater, traces of hydi oxide and free 
(iilorine were still present and ]>roved lethal to fish within six hours. Attempts 
were therefore made to find out some satisfactory method of disposal of these toxic 
effluents. The jiresence of considerable quantities of lime and free chloihie in the 
effluents made the same potentially valuable; and laboratoiy experiments showed 
that these wastt's could be us(d for w^ater purification purposes. It is therefore 
w^orth wdiiki to ascertain whether the raw waitt^r treated with the effluents would 
come within the standards of cpiality and purity generally set for a drinking waiter 
supply; ajid if so whether treatment and recovery plants for the effluents will be 
economically feasible. While it has been shown that the total daily requirements 
of water for industrial and domestic purposes of the ‘Mettur Chemicals’ will utilize 
only 11% of the effluents for purification purposes, the bulk of these industrial 
w’astes could probabl 3 " be disjiosed off if the Met tur and Salem towm w ater 8U[)plies 
are also to be purified by using the same. If this is found a workable ])roposition, it 
will then be required to devise means to prevent the wastes from the alkali plants 
from mixing with those from tlie oil refining sections. 

While recovery of the effluents for useful purposes, if feasible, is the best means 
of disposal, in the present instance the easy^ availability of jaire calcite in sufficient 
quantities in the neighbomhood might render attempts at setting up recoveiy plants 
uneconomical from the company’s point of view. Dilution of the w^astes and thus 
rendering them innocuous to fish life would therefore seem to be the safest method 
now feasible and this can be effected by pumping the required quantity of raw 
water from thii reservoir into the factory where the effluents are stored, and later 
diluting them in the ratio of 1 : 99 before discharging into the Ellis surplus channel. 
However, as already shown, this will involve some recurring exjienditure and also 
will not ensure absolute immunity for the trapped fish since the diluted effluents 
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will be accumulating in the pools when the overflow stops in the surplus channel. 
Viewing the whole ju’chlein from the financial and practical aspects it is suggested 
that the effluents be taken by pipes to a place in the main river, below the in-take 
for the Mettur water works where the constant flow of water from the tail-race of the 
power house will ensure thorough mixing and dilution of the wastes. The lowest 
rate of flow from the tail-race is about 10,000 cusecs. Even at this rate of flow the 
maximum daily discharge of about 25,000 gallons of the effluents into the river will 
eflectively be diluted over 5,000 times, so that no harm will be caused to the fishes 
in the area. The jiroposed site where the effluents may be discharged into the 
river is indicated in Figure 1. The effluents are to be taken by hume pipes from 
the factory, along the Ellis biidge and discharged into the main river. Since the 
level of the Ellis bridge is slightly higher than that of the effluent pit, it may be 
necessary to pumj) the effluents periodically. 
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Summary. 

Since the coiistmction of tho Mottur dam it has become an. annual feature that a series of 
connected rock pools are formed in the bed of tho Ellis surplus course when the water ceases 
Burplussing. Thousands of carj:>s and catfish are then entrapped in these pools. Tho factory 
eltlueiits from tho Mottur Chemical and Industrial Corpoiation are at present discharged into 
these pools. These effluotits consist of an excessive amount of dissolved and insoluble solids, 
chlorides and free chlorine, and are highly alkaline due to the caustic lime used in the manufac- 
ture of bhiaehing powder. Sineo the pools are stagnant, the addition of tlieso toxic wastes 
pollutes the waters and invariably results in largo-scalo mortality of the trapped fish, during 
summer months. M ith the Ellis suiplus functioning, the pools overflow and tho pollutional 
wastes are considerably dilut ed and rendered haimless to fish life. 

With a view to prevent this annual mortality and the consequent depletion of fish stock 
in tho conserved area, the conditions of the pools wore investigated at different seasons during 
the years 1945 to 1948. I^ hilo biotal life was not altogether absent in tho polluted pools even 
under extreme summer conditions, those receiving direct discharge of the wastes and tho 
neighbouring ones, with their offensive odour of caustic lim€‘ and free chlorine, were totally 
unfit for fish life of any kind. 

Chemical treatment of the effluents and dilution before letting into the pools proved ineffec- 
tive and uneconomical. The potential value of tho effluents for purj)ose8 of water purification 
has been shown by laboratory experiments, and their recovery for the said purpose may be 
worth w’-hilo if the bulk of the effluents could be disposed off in that manner. Since excessive 
dilution apj)oars to bo tlio easiest method to render tlio efflueixts innocuous, div’^cuiiing the same 
to tho main river to a sjiot close to the tail-race of the Mettur Power House has been suggested. 
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APPENDIX I 
Table I. 


The Results of a complete analysis of a Sample of the Effluents. 
Date of Collection, 26th March, 1948, 


A. Physical : — 

1 . Appearance 

2. Colour 

3. Odcnir 

4. Turhidity 

5. Sodimont. . 

6. Keactioii 


(KesultB expressed in parts per 100,000.) 


Turbid. 

Nil. 

Nil. 

4-2. 


0-82 (CaCOg). 
Alkaline (pH 10*20). 


B. Chemical : — (After filtering the sample.) 
Determinations made : 


1. Total solids (dried at 100°0.) . . . . . . . . ]09'2.‘l 

2. Alkalinity (as CaCOg) . . . . . . . . 29*00 

3. vSilica (as SiOjj) ,. .. .. .. .. 1-26 

4. Oxide of Iron and Alurruna . . . . . . . . 0*032 

5. Iron (as Fe) . . . . . . . . . , 

6. Lime (as CaO) . . . . . . . . . . 38*30 

7. Magnesia (as MgO) . . . . . . . . Nil. 

8. Manganese (as Mn) . . . . . . , . . . N’il. 

9. Free Lime . . . . , . . . . . 29*00 

10. Free Soda . . . . . . . . . , 3-00 

11. Sulydiates (as SOg) .. .. .. .. .. Traces. 

12. (chlorides (as Cl 2 ) .. .. .. .. 84*80 

13. Nitrates (as KNOg) . . . . . . . . . . Present. 

14. Free COg * - . ■ . . . . . . Nil. 

15. FreeCla".- .. .. .. .. .. 0*20 

16. Total Hardness .. .. .. .. .. 40*18 


IlypotheticAil Combinations : 


1 . 

2 . 

3. 

4. 

5. 

6 . 

7. 

8 . 

9. 

10 . 

11 . 

12 . 

13. 


Calcium carbonate . 
,, sulphate 
,, chloride 

Magnesium carbonate 
,, sulphate 

,, chloride . 

Sodium carbonate 
,, sulpha.te 

,, chloride 

Potassium nitrate 
Silica 

FogOg and AlgOg 
Ck>inbined water 


17*80 

Nil. 

9*90 

Nil. 

Nil. 

Nil. 

12*00 

Traces. 

136*77 

Traces, 

1*26 

0*082 

Nil. 
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TABI.3E II. 

The monthly averages and range of variations of the alkali and chlorine contents of the untreated 
effluents from the Mettur Chemical and Industrial Corporation^ Lid.^ Mettur Dam. 

(Period: April, 1946 to June, 1947.) 

(Results expressed in parts per 100,000.) 


Period. 

April ’46- June ’47. 

Alkali. 

[ Chlorine . 

OH. 

CO3. 

Total. 

' Free. 

Chloride. 

April, 1946 

Average. 

Range. 

28-58 

8-6-75-3 


28-58 

8-6-75-3 

3-23 

Nil- 4-9 

180-58 

1 122-5-2460 

I 

May, 1946 

Average . 
Range. 

11-86 

3-4 22-6 


11-86 

3-4-22-6 

0-48 
Nil-2 -4 

210-7 

131-4-420-0 

June, 1946 

Average. 

Range. 

27-06 

2-2-47-6 

12-5 

12-()-130 

31-45 

15-2-47-7 

1-4 

Nil-5-6 

219-72 

71-0-424-8 

July, 1946 

Average. 

Range. 

15-08 

1-36-34-0 

7-73 

30-1 8-0 

22-81 

6-16-52-0 

0-71 

Nil-2-4 

263-3 

31-5-500-0 

August, 1946 

Average. 

Rai\go. 

21-18 

1-7-51-2 

8-2 

30-240 

29-38 

4-7-75-2 

3-76 

Nil-8-4 

175-0 

84-0-490-0 

September, 

1946. 

Average . 
Range. 

13-76 

7-8-22*6 

3-6 

1-2-60 

17-36 

9-0-28-6 

0-82 
Nil-2- 1 

100-33 

35-0-161-0 

Dec., 1946 

Average . 
Range. 

11-0 

71-16-6 

2-0 

1-2-30 

13-0 

8-3-18-0 

2*45 

TracoB-5-3 

135-13 

38-5-252-0 

Jan., 1947 

Average. 

Range. 

14-16 

8-4-25-6 

2-48 

1-2-6-2 

16-64 

100-31-8 

2-0 

Trac'e.s-5-2 

134-4 

86-0-256-0 

Febr., 1947 

1 

Average. 

Range. 

15-75 

6-5^37-4 

10-21 

0-8-27-53 

25-96 

9-2-41-57 

6-92 

Traces-13-82 

86-1 

64-0-94-0 

March, 1 947 

Average. 

Range. 

25 53 
12-4-30-4 

3-48 

0-8-5-5 

29-01 

13-2-340 

1-9 

Trace8-7-6 

141-1 

48-4-296-0 

April, 1947 

Average. 

Range. 

16-18 

5-8-25-8 

2-76 

1-1 -5-8 

18-94 

7-3-31-2 

4-92 

Nil- 16-2 

153-8 

115-0-210-0 

May, 1947 

Average . 
Range. 

17-42 

12-4-20-8 

2-28 

0-8-5-4 

19-70 

13-2- 26-2 

3-36 

Nil-13-0 

222-8 

162-0-258-0 

Juno, 1947 

Average. 

Range. 

15-7 

12-4-21-3 

3-33 

1 -7-6-2 

19-03 

14-8-24-6 

5-76 

Nil-19-6 

177-5 

128-0-264-0 





FIRST CHANDRA KALA HORA MEMORIAL LECTURE. 
Growth of the Fishing Industry: Sidelights on Fifteen Years’ Work. 
By S. B. Setna, M.Sc,, PKD. (CanL)^ F.N.I., Director of Fisheries, Bombay. 


(Tho Lecture was delivered at the Annual General Meeting of the Institute, held at Poona, on 

Monday, the 2nd January, 1950.) 


I think myself singularly honoured to be called upon to address tliis assembly. 
I realize that I have a formidable task before me and that I must be careful in 
T t speaking of hsh for the subject is not only a fishy but a 

^ ^ • tricky one. I am reminded of the words of David Star 

Jordon, Chairman of the International Fisheries Commission, who once remarked 
that as sharks lie on the bottom of the sea and trout lie in the streams there can be 
no just complaint if men who fish for them also lie. I assure you that I shall be an 
exception, as I do not view with pleasure the prospects of being pulled up. 

I confess that it is with much diffidence that I attempt to discharge the task 
entrusted to me today. The subject of my discourse is beset with numerous 
difficulties but these are resolved, to some extent, by the terms governing the 
award which the Council of the National Institute of Science has been pleased to 
bestow on me. I am expected to address you according to the terms of the award 
on the subject of my work. The theme is not novel, and having devoted more 
than half of my lifetime to the study of fishes, in one form or another, I tliink I may 
be able to present to you a picture, incomplete, I fear, of such results as I have 
been able to achieve. 

The theme of my address is, to put it in a nutshell, the subject of my work, 
wliich, fortunately or unfortunately has so many ramifications and touches the life 
_ . of the fishermen and their industry at so many points 

erne o scourse. know what to say, leave alone where to begin. 

I hope I shall not be considered to bo lacking in modesty when I claim with 
all humility, that the Fisheries Department now under my charge is, to a large 
extent, a creature of my making. I played the role of a midwife at its birth. The 
infant of that day has grown to be a lusty child, having successfully overcome its 
teething troubles. It promises to become in the fulness of time a worthy giant in 
our country’s life, provided that we show foresight in our approach to its various 
problems. 

The year 1934, seems to mo but yesterday, for I vividly recall at this moment 
the frail fishing craft (Plate IX, fig. 1), equii)ped with only a nine horse-power engine, 
which slipped down a suburban beach to inaugurate the 
tar o ew ra. gi^o^rt of a new chapter in the fishermen’s life which till then 
had appeared changeless through the centuries. That event was symbolic in two 
senses. It marked not only the introduction of the use of power-propelled craft in 
the fishing industry in Bombay but also the beginning of the present Fisheries 
Department. 

Till then, the means of transport of fish from our fishing fields to the city had 
been at what, for the lack of a more expressive term, might be called the bullock-cart 
stage. The bulk of our supplies of fish was derived from areas in the sea within 
easy reach of the city. Supplies from further afield were wheeled to the city by 
train and cart or brought by sailing craft. Fishermen were content to pursue their 
calling very much as their ancestors had done for countless centuries. The 
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performance of that small vessel which slipped down the suburban beach opened up 
a new vista to the fishermen in our province. 

The sphere of operation of the vessel was expected to be 20 miles north and 
south of Bombay, but the vessel, frail as it was, made history. Risks were taken 

Stimulus to progress. range of voyages has gradually widened. Every 

achievement, howsoever insignificant and paltry, was an 
incentive to further effort. 

The launches, built for a specific range, have shown themselves to be possessed 
of the attributes of the seven-league boots. Their range of operations extends now 
from the Makran Coast, off Baluchistan, in the north, to Coondapur in Madras - 
Provinc^ in the south. The distance traversed on the round trip to Makran is about 
1,400 miles, and that to the south 900 miles. Always, the impulse has been fresh 
fields and pastures new, with the prospects of larger harvests from untouched regions 
of our extensive coastline. 

Not a year has elai^sed since 1934 without newer, better and more powerful 
vessels being put into commission. Stimulus to progress has been provided by the 
existence of rich fishing fields which came to light when one or another of the launches 
chanced to visit them. The operation of the launches has conclusively established 
that there is no part of the coastline of this province, or even beyond, which cannot 
be made to serve our city’s needs. 

The success which attended the operation of the initial launch has kindled many 
enterprises, which liave now become vital and indispensable features of the trade. 

Villages awaken operation of the launches has brought unforeseen 

^ * prosperity not only to diverse concerns but also, above all, 

to the sleeping fishing villages on the coast, which have been awakened from their 
centuries-old slumber and galvanized into activity befitting our modern age. 

The number of vessels comprising the fishing fleet today is over 48, representing 
a total capital investment of about 40 lakhs of Rupees. The largest vessel in service 
tapes 112 feet from stem to stern, and is c(|uipped witli diesel engines developing 
500 horse-power (Plato IX, fig. 2). A vivid idea of the vessels in service, their dimen- 
sions, their B.H.P. and their value may be formed from the statement pp. 218-19. 

The successful transport of fish in these vessels has incidentally served as an 
eye-opener. It has indicated the great scox>e for their use as a means to develop 
the commerce and trade of the coastal regions. One respect in which these launches 
surpass regular coastal steamers in their easy manoeuvrability and the extraordinary 
facility with whic h they can worm their way into, and out of, narrow channels and 
creeks leading to inconspicuous x^orts which cater for the needs of their xairticular 
area. There is a vast and x^romising future for launches of the present descrix^tion 
and it is no vain hope that in the years to come a good deal will be heard of the 
use of small power-XHopelled craft to minister to the requirements of growing 
industries all along India’s coastline. 

The figures below will enable you to form some idea of the expanding volume 
of fish brought by the launches to the city. 


Year. 

No. of 
launches. 

Weight offish. 



lb. 

1933-34 

2 

55,520 

1934-35 

2 

1,66,125 

1935-36 

3 

2,39,446 

1936-37 

3 

4,04,679 

1937-38 

4 

5,17,964 

1938-39 

9 

15,76,682 

1939-40 

9 

25,04,000 
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Year. 

No. of 
launches. 

Weight of 



lb. 

1940-41 

9 

22,64,000 

1941-42 

10 

27,24,000 

1942-43 

8 

28,34,000 

1943-44 

9 

11,54,000 

1944-45 

11 

12,18,000 

1945-46 

15 

30,04,341 

1946-47 

23 

30,86,425 

1947-48 

30 

35,00,000 

1948-49 

50 

63,16,828 


By far, the greatest boon accruing from the operation of the launc.-hes is the 
unparalleled activity tlioir presence has led to in small fishing centres along the 
T,, . >..1 coast. Fishermen there now strive their utmost to make 

as large catches as possible. J ho launches bring, as it 
were, Bombay’s lich market to their very door-step, where, without the trouble 
ol’ ( oming tlie long distaru^e to Bombay, they can dispose of their catch at prices far 
more remunerative than those which they obtained in their villages when there 
were no lauiK^hes (Plato X, figs. 1 and 2). Figures will speak eloquently of what 
the launches liave accomjilished. Prior to their appearance along the coastal 
villages, mackerel used to be sold at about 12 annas to a rupee per thousand. Today 
the very tisli fetch the fishermen anything between Ks.l5 to Rs.BO per tliousand, 
a price whicli represents a substantial improvement of their economic condition. 

Moreover, in the old days, before the launches started plying fishermen either 
cured or converted into manure such fish as they could not sell to their neighbours. 
The launches have been a sort of master key which have unlocked to them wealth 
which was be\'ond their ken a few years ago. One estimate, by no moans exaggerated, 
suggests thati lisheimen in the Ratnagiri and Kanara District alone derived last 
year Ru})ees four lakhs, com]iared with barely Rs. 10,000 obtained by the very 
fishermen in 19^15, when the launches first made their appearance there. 

I’he significance of their increased earnings is plain. A great amount of new 
wealth luis ])oured into areas, which were proverbially noted for their backwardness. 
The ]>urchasing (^ax)acity of the fishermen there has greatly risen, as is reflected not 
only in their more prosperous condition but also in their improved mode of life. 
At the same time, there has been a mental awakening among fishermen, who show 
signs of eagerness to modernize the industry. 

One notewortliy sign of this mental awakening is to be seen in the increasing 
tendency among fishermen to identify themselves more intimately with the trade 
than before. Statistics are not available but there is evidence that fishermen, 
instead of forsaking their craft for easy sources of revenue, are concentrating more 
enthusiastically on the development of their industry which they now reahze is as 
jjrofitable as any other line of business. 

It had never been exx)ected that a 14-foot vessel, equix^j)ed with a 9 horse-power 
engine, would germinate into a fishing fleet unrivalled in the country. Wo are a 
far way behind European, American and Japanese standards, but compared with 
1933, Bombay today can boast of some progress. 

Curiously enough, the launches have not led, as antieix^ated by their original 
ox^x^onents either to any diminution in the volume of fish which fed the fish curing 
yards or to a dearth of sux^plies in the coastal areas they 
served. On the other hand, the fish curing yards have 
registered a x^rogressive increase in their sale of salt. Their turnover is much larger 
than at any time before the appearance of the launches. This will bo evident from 
the figures on the next x^^'g^- 


Fears falsified. 
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Year. 


1925-26 to 1927-28 
1928-29 to 1930-31 
1931-32 to 1933-34 


Quantity of 
fish cured 
in maunds. 

.. 5,43,835 
.. 6,05,061 
.. 5,15,320 


Department established in 1933. 


1934-35 to 1936-37 
1937-38 to 1939-40 
1940-41 to 1942-43 
1943-44 to 1945-46 
1946-47 to 1948-49 


5,62,480 

5,82,570 

7,32,453 

7,72,612 

7,71,929 


The unremitting efforts fishermen make to augment their catch in order to meet 
the needs of launches have proved a blessing in disguise, for not only people along 
the coast but also in its liintcrland get more fish than before. Availability of Larger 
supplies in these areas does by no means signify that their demand has been met 
to the maximum. This is not so, for the areas are capable of absorbing much 
larger quantities than now find their way thither. 

The universal complaint, today, whether in Bombay city or in the districts, 
is scantiness of supplies, despite the threefold increase in the quantity of fish 
^ ' now brought to the city’s markets. The quantity of 

as es c ange. landed in Bombay in 1934 was 10,000 tons, whereas 

today it totals 30,000 tons. 

Such modernization as has now marked the industry would, five years ago, 
have encouraged the hope that suppHes were at least on the way of balancing the 
demand. These expectations have, however, been nullified by the unparalleled 
influx of refugees, nearly 90 per cent of whom eat fish. Another totally unexpected 
addition to the ranks of fish eaters is the labour class. Fish was, not long ago, a 
monopoly of the wealthy and near-wealthy but this comestible is today in ever- 
increasing demand among those belonging to the humbler walks of life. 

Many of our indigenous labourers were formerly vegetarians from necessity 
and not by choice. Times have, however, changed and not only our labourers but 
also their palates have changed. This change is due to the larger pay packets they 
now receive. Thus, the influx of refugees and the higher purchasing capacity of 
the toiling masses have comi)letely ofiset what might have been the normal benefits 
of the increased quantities of fish landed in the city. The advantage of the increased 
catches of fish, which are almost treble those of pre-war years, is thus only illusory. 

The problem now before us is extraction of more fish from the sea, and its 
effective solution will overcome the present perplexing issue of inequality of supplies 
x/r 1 ,. « 1 tu A demand. The problem of the use of power-propelled 

ec an ca me o s. mechanically operated nets for the capture of fish 

is, however, not singular to our province, but confronts every province in India 
which has anything to do with fisheries. This remark will conjure up pictures of 
superships of the industry, such as trawlers and draggers, which bring to markets 
of western countries voluminous supplies of fish. The effectiveness of these vessels 
is unquestioned, as has been amply demonstrated by trawlers which have operated 
in our waters. Sizable hauls have been made by trawlers in Bombay, Bengal and 
Madras, but an unexplained fact is that these vessels have not been financially 
successful, as the cost of their upkeep, loss and damage to nets far exceeds the 
amounts derived from the sale of their catches. The economics of this t 3 q)e of 
vessels must be closely examined from every point of view, to ensure that they do 
not prove to be liabilities. 
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Experience underlies the advisability of caution in the introduction of such 
large vessels in our waters as the economy of our fishing industry is not yet fully 
prepared for startling innovations. Only thus will every step forward be not only 
consolidated but interlinked with what has previously been achieved. In the fishing 
industry, unlike most other commercial enterprises, humble beginnings are preferable, 
specially for people unacquainted with the achievements of modern science. 

Even the United States, which is accustomed to technological development on 
a mammoth scale, prefers small boats for the industry, although its turnover amounts 
to millions of dollars. I observed during my short stay there, the useful and valuable 
role played, both on the Atlantic and Pacific coasts, by vessels built on small pro- 
portions, and equipped with engines of small B.H.P. 

Mechanization cannot be attained over-night. Approach to it has to be cautious, 
due regard being paid to the age-old customs and prejudices of people still accustomed 
to a primitive economy and mode of life. No useful purpose will be served if the 
practices and technique of the fishing industry in the countries of the west are to 
be superimposed on our fishermen without measures being taken, simultaneously, 
to acquaint them with the rudiments of mechanization. The most prudent course, 
in the circumstances, would be to associate the fishermen, from the very outset, 
with every scheme designed for the improvement of their craft. This objective 
has been in the forefront of every x>rogrammc to secure not only betterment of the 
fishermen and their economic condition but also improvement of the meagre supplies 
of fish available to the public. 

Our fisheries are most productive shortly after the monsoon, fish being available 
at no great distance from the shore. The fish begins to disappear mysteriously 

Seasonal factors towards the end of the year when the shoals become 
progressively thinner, compared with the densely packed 
shoals which early in the season approach the shores, resembling in volume and 
extent very much waves of troops converging or falling on a key target. Catches 
soon after the monsoon are plentiful, whether fishing operations are carried out by 
power-vessels or sailing craft. Extensive use of either of these types of small 
vessels will yield maximum results. 

This view is borne out by the observations of Dr. J. 0. F. Hardenberg who was 
head of the Laboratory for Investigations of the Sea at Batavia. He expressed 
the opinion that our country’s fisheries were scattered over wide areas and that 
only the promotion of small enterprises would furnish an estimate of the total 
potentialities. 

In the circumstances, the most effective methods for capture of fish would be, 
at least, in the early stages, use of small powered vessels in conjunction with the 
various types of drift nets and long lines, as these can be employed both in com- 
paratively shallow and deep waters. The shallow waters are, according to our 
present knowledge, most productive, as is evident from the satisfactory catches 
made by fishermen even now by their primitive methods. Some of these are most 
ingenious, and every effort must be made to adapt them to the modem requirements 
of the industry. 

A method of fishing which appears likely to yield fruitful results is the use of 
the purse-seine, which is extensively employ^ by American fishermen both on the 
Atlantic and Pacific coasts. 


The purse-seine represents the acme of American fishing skill. Its British 
counterpart is the ring-net as used by Scottish fishermen at Whitby in Yorkshire. 
The basic principle of fishing is the same, vtz., to surround the fish and purse the 
mouth. There is, however, a variation in the technique which differs according to 
the type of fish to be bagg^. The basic principle of the purse-seine has remained, 
fundamentally, unaltered throughout the years, changes having been made in the 
light of experience as well as experiments in the actual hapdling of the nets. This 



212 


S. B. SBTNA: first CHANDRA KARA HORA MEMORIAL LECTURE 


has resulted in a saving of human effort, enabling the fishermen to make sets 
expeditiously. 

The opportunities I have had to accompany, purse-seine and ring-net fishing 
vessels convince me that they are the most effective weapons for the capture 
of fish and their introduction in our waters to capture mackerel, in the first instance, 
would furnish the answer to most of our problems. The efficiency of the net is 
more than established by the fact that it is the basis of the flourishing caimeries 
which exist in the IJ.S.A. and U.K. Canning of fish would not be the paying 
industry without copious and unfailing supplies of fish, which aie made possible 
by the use of purse-seines. 

Results achieved by the advanced fishing industry in other parts of the world 
conclusively show that the basic factor, on which improvement of the industry 
hinges is the incuoasing displacement of the present sailing boats by power boats. 
The example of dapan in this respect is a lesson we must not only read but re-read. 
Japan’s leadership in fish production and exploration of new fishing grounds did 
not just happen. It was carefully planned. About the beginning of the century 
Japan’s fisheries were conducted in primitive sailing craft. In 1941, the Japanese 
fisheries used 72,000 power vessels to make their catch. 

I have all along felt that the fishermen have to be carried wit h us if experiments 
are not to end unsuccessfully. They have to be made to feel that they have a stake 
in the success of the experiments, for, mthout this conviction on their part, all 
official enterprise will be, at most, of academic; interest. 

My Department’s next move is to sliow that just as power-(;raft have replaced 
sailing boats for the transport of fish, so also mechanized vessels can be used to 


New types of boats. 


catch fish. With this end in view, j)ower Aossels corre- 
sponding, in essential features, with the present undecked 


sailing boats have been built (Plato X, fig. 5). Engines of suitable liorse-power 


have been installed in these vessels, so that fishermen are able to venture a little 


further afield for the capture of fish than they have been traditionally accuistoined to. 
In addition, fishermen are being encouraged to use their existing nets from powered 
vessels. One such vessel specially designed and built for the pvir})()se is the ‘Tapase’ 
(Plate X, fig. 6). She is about 50 feet in length and is equipped with a 165 B.H.P. 
Grey Marine diesel engine. Encouraging results have attended initial efforts and 
the hope is justified that, in the fulness of time, tlie present unpowered craft will 
be replaced by boats operated medianically. 

The success which has attended such small attempts at mechanization has 
given a much needed jolt to our fishing villages and roused them into action. 
Fishermen from remote parts of the coast have been addressing the Fisheries Depart- 
ment in ever-growing numbers for the grant of financial assistance to enable them 
to go in for mass mechanization. Fishermen have become conscious of their 
importance in the daily scheme of life. They desire, while they serve the i)ublic, 
that the benefits of their trade should remain with them and are equally eager to 
concentrate as much of it as possible in their own hands. 

Their youths show keenness to qualify as mechanics and navigators of power 
fishing vessels, so that they can operate their own vessels and conduct the industry 


on a self- (contained basis. This tendency is all to the good, 
^ambition. ^ because, though the industry is being gradually mechanized, 
the elders in the trade feel that their hereditary occupation 
is not denied to their sons. Generous facilities have been provided to enable fisher- 


youths to acquire training to operate power vessels and so far 30 youths have 
been ^trained and awarded certificates from the Mercantile Marine Department. 
Stipends are provided to pay for the maintenance of youths during the period of 
apprenticeship. 


The number of youths who can qualify is limited, however, for training facilities 


are not numerous. Thus, modernization of the conditions now obtaining in the 
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fishing industry is bound to take some time. Even the removal of the so-called 
primitive methods and the introduction of modern technique are no guarantee of 
provision of supplies in such a measure as to outstrip demand. Introduction of 
mechanized methods of fishing is only one, but not an overriding, aspect of the 
problem. 

Augmented catches will be of no avail if vessels bringing them to port cannot 
enter harbour on account of inadequate docking and landing facilities. These 
difficulties are real, and the need for their removal has 
c\eared^^ ® forcefully been brought home to me by my personal 
observations at various points along our coast. Efforts 
are being made to overcome these obstacles. Although my views apply mainly 
to Bombay, I think, nevertheless, some description ol‘ what is being done to promote 
expeditious entry of fishing vessels into the dock will be of general interest, as 
conditions in Bombay must be parallel elsewffiere along the coast. 

An example of the manner in which such obstacles are being successfully 
surmounted is provided by measures now in hand to make Sassoon Dock a fish 
landing site in Bombay, thoroughly accessible to the present fleet at all stages of 
the tide and in all conditions of the Aveatlier. The basin is being dredged, so that 
the greater depth of the w^ater will enable launches to enter and leave it freely. 

Provision is also being made for the vessels to fuel rapidly and take aboard 
supplies of ice. Three oil companies are putting up installations to enable fuel to 
be fed directly from storage tanks into vessels. The advantage of this facility is 
patent, as launches will no longer be needed to store their requirements in drums 
which cluttered up the bunder. 

In tune with these facilities derricks are being installed for rapid unloading of 
cafehes brought by fishing craft. At the same time, cement con(a*ete floors and 
sheds have been provided, so that fish landed is disposed of in a hygienic manner 
and in conditions affording protection from the effects of the sun’s heat (Plate XII, 
fig. 1.). 

Likewise, it is not generally realized that many fishing ports along the coast 
have to put up with insufferable handi(‘aps arising from silfage, obstruction by 
rocks, decay of such makeshift piers as exist, existence of thick mangrove swaimps, 
absence of navigation lights, and above all, la(ik of water botli for drinking purposes 
and washing nets. The inevitable result of this chain of difficulties, existing not 
only in the Bombay province but also, perhaps, at every stretch of our extensive 
coast-line, is, unnecessarily to thwart the expeditious turn-round of our fishing 
boats. Removal of such difficulties is as urgent, if not more important than, as 
the adoption of measures to augment the quantity of our present catch. 

These problems have not received the attention they deserve in our country 
and their neglect is bound to handicap whatever reforms may be contemplated for 
improvement of the industry. Recognizing the importance of easy passage to and 
from docks, my department has accorded major priority to these problems. 

No less important than provision of suitable docking facilities are the twin 
problems of marketing and refrigeration. Efficiency of marketing is as vital as 

Tv/f ir ti A capture of fish. AiTival of large catches is in vain if’ 

arke ng o fish. reach the consuming public quickly 


enough. Conditions prevailing in almost every market in the country without 
exception are utterly unsatisfactory, as fish is not always made available to the 
public as quickly as is desirable nor sold under the most hygienic and sanitary 
conditions. I shall speak of the main market of Bombay, but I am sure that my 
observations hold good of fish markets in Calcutta and Madras. 

Bombay's main market, which w’^as constructed at a time when the city’s 
population was 3,00,000 has now to cater for a little over 3 miUion people. It has, 
thus outlived its usefulness. The congestion in the market during the brisk hours 
of business in the morning is so great that the public does not have a reasonable 



214 


S. B. setna: first ohandra kala hora memorial lecture 


chance to see the fish displayed for sale. If conditions are such in the city’s fore- 
most market, they are even worse in the others, the total number of which is 27. 
There are, however, hopes of the various shortcomings now characterizing the 
city’s main wholesale fish market being overcome at an early date, as measures 
have been initiated by the Municipahty to enlarge the present floor space of the 
market from 7,000 cubic feet to 17,000 cubic feet. The old market has already 
been pulled down and a new two-storeyed structure is being reared on the site of 
the existing building, though the blue-print provides for the construction of three 
additional storeys. 

If the future population of not only Bombay but other great and growing 
cities is to be served, it is necessary that we must plan today for the needs of to- 
morrow. Production of more fish and provision of landing 
^^^factorles marketing would be fruitless, without at the same time, 

the adoption of adequate measures for its conservation. 
With this end in view, the establishment of ice factories and cold storages have 
been generously encouraged. Accordingly, the production of ice has been sub- 
stantially enlarged, so as to provide for all contingencies. The total production of 
ice today is over 700 tons compared vdth a daily output of 300 tons before the war. 
The present output does not, however, represent the maximum quantum which 
will be yet larger as soon as electrical energy is fully available. 

Bombay is not, however, an isolated unit. It is vitally interlinked with the 
hinterlfind which serves it. The provision of modern amenities in Bombay without 
the availability at the sixme time, of like facihties along the coast would be in vain. 
The coastal regions cater for Bombay’s needs to an extent not appreciated by the 
average man. Accordingly, facilities for the erection of plants in the coastal areas 
have been granted by the Government on a two-thirds loan and one-third subsidy 
basis. These facilities have been made available to only fishermen’s co-operative 
societies. One such plant is being erected by the Government for the benefit of 
fishermen at a fishing centre near Bombay at a cost of Rs.1,40,000. The plant v^ill 
be made over to fishermen,, who will operate it. R8.46,000 of this amount is a free 
grant by Government to the village. 

Plans are also contemplated for the erection of two plants by Government for 
fishermen, one at Versova in the Bombay Suburban District, and another in the 
Kanara District. The Government’s foremost consideration is that the fishermen 
must be made to realize that they have a stake in the maintenance and prosperity 
of the plants provided. The Government’s attitude towards the fishermen is one 
of sympathy, but, at the same time, the Government is determined that fishermen 
must cultivate the habit of self-reliance. 


Refrigeration and cold storage are, however, modern methods for the preserva- 
tion of fish. There are other age-old processes which our fishermen have practised 

Vi u n i A 4 - countless generations in common with fishermen the 

i^isn ourmg industry, commonest process is that of curing 

fish with salt. Bombay Province has 34 fish curing estabhshments along the coast, 
stretching from Boria, in Ratnagiri District, to Bhatkal, in the Kanara District. 
These establishments play a valuable role in the economy of fishing villages, for, 
apart from retaining in the fish trade a large number of fishermen who might, 
otherwise, have drifted to other pursuits, they serve to make available supplies of 
fish in the hinterland where no fresh fish is to be had. The value of the fish curing 
establishments is, thus, unquestioned, as they provide, in a large measure, food for 
the poor and help them to have a varied diet. 

The yield of cured fish averages 3,90,000 maunds annually, requiring the use 
of 1 ,10,000 maunds of salt. The yards are an integral part of the fishing industry, 
and improvements (Plate XII, figs, 2 and 3 and Plate XI, fig. 1) have been planned 
to modernize them at an estimated cost of Rupees nine lakhs. The improved 
facilities comprise: 
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(1) Construction of cement concrete platforms to replace mud floors; 

(2) Construction of permanent super-structures over the platforms to replace 

thatched sheds ; 

(3) Sinking of wells, and provision of pumps and storage tanks; 

(4) Enlargement of storage capacity of salt godowns. 


Co-operative 

endeavour. 


The provision of these facilities has greatly benefited fish curers and the fish 
curing industry, as experience has shown that a reduction of 20 per cent can be 
effected in the quantity of salt consumed under the former insanitary methods. 
The benefits of these facilities have been reflected in an improvement, desirable 
from every point of view, of the cured produce. 

The fishing industry in our country, more than any other branch of occupational 
endeavour, requires to be encouraged to cultivate the virtue of self-reliance, for, as 
conditions now stand, the majority of our fisher mcm are, 
generally, at the mercy of money-lenders. Accordingly, 
active steps have been, and are being, taken to encourage 
fishermen to form co-operative societies, so that they are able to conduct their trade 
on a self-sufficient basis. There are at present 48 societies in all. Not many months 
have elapsed since the establishment of a central organization of fishermen, the 
Bombay Provincial Fishermen's Co-operative Association. Its progress has been 
most encouraging. So successful has been the enterprise that middlemen have been 
completely eliminated from several villages. The fishermen do their ovti trans- 
porting and marketing, as this enterprise has yielded substantial profits (Plate XI, 
fig. 2). The fundamental objective of the Association is to undertake the marketing 
of fish CRUght by its members, so that the profits realized are distributed among 
fishermen and are not diverted into the pockets of middlemen. The turnover of the 
society, it is expected, will reach about Bs, 12,00,000 during current year. The 
Association has arranged for the transport of fish caught by members of co-operative 
societies in villages along the coast, which are affiliated to it. Tliis arrangement is 
gradually being extended to villages both north and south of Bombay. 

The Bombay Provincial and other co-operative societies have been put into 
touch with manufacturers of twine in Hungary and Italy and manufacturers of 
hooks in Norway so that members of their societies can obtain twine and hooks at 
reasonable rates. Depots are now' being established by these societies at main 
fishing centres for the sale of fishermen's accessories. 

It will thus be seen from what I have said that w e have been striving throughout 
to introduce changes gradually, so that the fishermen are convinced of their ad- 
vantages, readily adopt them and do not feel a wench when they forsake their 
age-old methods. Such reforms as have been introduced in the fishing industry 
have been rendered possible by the financial assistance afforded by the Government. 
Loans to the extent of Rupees nine lakhs have been advanced to the industry on 
generous temrs during the past five years. Nearly 60 per cent of the advances 
have been repaid. The proportion of recovery is, indeed, creditable in view of the 
chronic indebtedness and poverty of fishermen in our country as a whole. 

No survey of the fishing industry in the Bombay Province will bo complete 
without a passing reference to its ancillary activities. Progress achieved in this 
direction is not spectacular but it is encouraging. Such 
ISidustj^. progress as has attended various enterprises undertaken 

on a small scale show that they are capable of germination 
into thriving industries, which are bound to exert a noticeable influence on the 
development of the country's economy. Proof of this is afforded by the increasing 
popularity which has attended the manufacture of shark fiver oil. The stimulus 
for this maiden enterprise was provided by the war when supplies of cod fiver oil 
,were interrupted on account of the German occupation of Norway. Bombay 
quickly seized the opportunity presented to put on the market a product which 
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would not merely be a substitute for cod liver oil but would effectively displace it. 
In 1939 the output of neat sliark liver oil was but 400 gallons. Today it is about 
5,000 gallons, which is not only sufficient for our needs but also provides a substantial 
exporting surplus. During the past year the department exported 3,500 gallons of 
oil worth Rs.86,000 to the U.K., U.8.A. and Australia. 

Shark liver oil is, however, not everybody’s meat, for its characteristic cffiuvia, 
in common with that of most fish hver oils, tends to nauseate people. Accordingly, 
the next venture was to concentrate on its sale in a manner which would appeal 
to the palate of consumers. We have succeeded in putting on the market shark 
liver oil in capsules, so that it can be taken by even the most fastidious and delicate 
palates. Encapsulation of shark liver oil is a pioneer enterprise in the country. 
There is little doul^t that with the changed tastes of our people and with the growing 
recognition of the important part played by tonics in the national health the popu- 
larity of the shark liver capsules will grow. 

Finally, I come to scientific research which, in the ultimate analysis, is the 
basis of progress in any endeavour nowadays. It has not been neglected while 

i tifi u 'h commercial expansion of the industry has been pursued. 

c en c esearc . department will soon have an up-to-date aquarium in 

Bombay, where not only fishes will be exliibited but Marine Biological Research 
carried out. Schemes are also afoot for the establishment of a Marine Biological 
Station at Ratnagiri. In addition, the scope of the work at the Technological 
Laboratory attached to this department is to be enlarged. The total cost of the 
station in Bombay alone will be about Rs. 10,00,000. 

I have come now very nearly to t he end of my talk. 1 have touched, I feel, on 
almost every facet of what has been accomplished in the held of hsheries. One fact, 
^ . f ff 4 . if is unattractive feature which has somehow or 

up ca on o e or s. other impressed itself on my mind, is the apparent lack 
of co-ordination of effort in this country. I do not seek to be critical, as I am 
painfully aware of my own limitations. Yet, I feel that 1 should be lacking in candour 
if 1 failed to give ex})ression to iny views that the developtnent of fisheries cannot be 
achieved by isolated effort. Co-operative endeavour is absolutely essential not only 
among fishermen but even more so among official departments, both of the provinces 
and the centre. Only thus v ill duplication of effort be avoided and needless expen- 
diture of funds prevented. 

Not only the centre but the provinces arc devoting today more attention than 
at any time in tlie past to the development of hsheries as part of their drive tf) 
stimulate the output of foodstuffs. Hence it is more than ever necessary that the 
various Fisheries Departments must work in unison, if the hnal results are to be of 
a lasting character. 

The picture which I have sketched before you, is, I realize, far from c‘omy)1ete, 
but is the best that I could do under the circumstances. I believe I shall be failing 
in the performance of a most obvious duty if I were not 
to express my grateful thanks to the Council of the National 
Institute of Science of India, for their bestowal of the Chandra Kala Hora Memorial 
Medal on me. While I appreciate the distinction conferred on me, I feel that the 
honour rightly belonged to the fishermen without whose enthusiastic co-operation, 
my task w^ould have boon well nigh impossible. They, and not I, ought to have 
been the real recipient of the award. It would also bo unbecoming on my part if 
I were not to refer to the need of praise and credit due to my staff, both teclmical 
and clerical, without whose attentiveness the Fisheries Department might not have 
achieved the little it has done. 

A w’^ord more before I have done and that is to express my grateful appreciation 
of the generosity of Dr. and Mrs. S. L. Hora, whose munificent liberality and devotion 
to the cause of scientific advancement have made possible the institution of the award. 
Dr. Hora is justly reputed as a trojan in the realm of zoological research. He has 


Conclusion. 
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shown the true breadth of vision of a scientist in the wide and elastic terms governing 
the award. Wisely, the use of the term development has been defined to include 
all aspects of biological, technological and sociological studies, including the 
improvement of fishing nets and craft and the betterment of the social and economic 
condition of the fishermcm.’ But for the generous phraseology of this condition, 
the honour I have received would never have come my way. 

Explanation of Plates. 

Plate JX, 

Fig. 1. — The ‘Shelrnari’, an ordinary 22 feet sailing craft, equipped in 1934 with a 22 IhB.F. 
engine by the L^umiah Shell Oil Storage and ]>istribution Co. (India) Ltd, to dcinonstreite 
to the fishemien the j)otentialities of jiower vessel to transport fish. 

Fig, 2.- — The ‘Bashinu’, a. 112 feet twin-st‘rew vessel equipped with two national superior 
engines, ea(“h developing 250 B.fl .P., built at. a cost of Rs.l ,00,000 for wart ime services 
is now used for fish tran8])ort. She made the tnp from Bombay to Ormara, off Baluchistan 
in about 70 hours. 

The t wo figures on this plato illustrato how from a. small beginning has developed today’s 
impiessivo fishing fleet of Bombay comprising 50 powered vessels. 


Plate X. 

Fig 1. — A view of the Sassoon Dock at Bombay. 

It is for all practical purj)oseK iho focal point of the city's fish trade. Here, a launch, 
soon after <loeking, is boarded by swarms of wholesale buyers, eager to cliiicli bargains 
and rush su])plios for rcdail sale in the city’s markets. 

Fig. 2, — Selling fish by numbers. 

Tray ful of miu^kereis being count ed in scores by four me]i, one at each corner of tho 
tray, where there is a iriatigular partition into which one fish is thrown, as each score is 
removed. Tlie number of fish iii the triangular partitions gives tho number of scores 
removed. 

Fkj. 3.- — An improved typo of fishing craft, cfpiipptul with 22^ B.H.P. marine diesel engine 
(mast, and sail not seen) built by the Ttombay Fislieries Department for sale to (181101111611 
on subsidy-cum-loan basis. 

Fadi boat is 4-5 feet in length, 1 1 .5 feet broad and 5 foot decq). 

Fig. 4. — Tlu^ 'Tapase’, the latest addition to tJio fishing (loot, has been in operation for a little 
over two ytmrs. 

Plate XI. 

Fig. L— a close-up view' of a modern Fish Curing Yard. 

The picture sliows an overlioad reservoir, a well and section of tho Curing Yard. 

Fig. 2. — ‘Somnathprashad a 72 footer motor launch, fitted with twin gray marine diesel engine, 
each dovelojiiug 259 B.H.P., owned by the Binga, Fisheri(;s Co-operative vSocicty and used 
for the transport and marketing of tho catches of its members. 

The I'ost of tho launch was lls.40,0U0 of which Ks. 10,000 was granted as subsidy 
ajul lls. 30,000 us loan to tho Society by the Government of Bombay. 

PUite XII. 

Fig. 1. — A view of tho middle jetty at Sassoon Dock with two sheds constructed by the Port 
Trust, Bombay. Tho bulk of city’s fish trade is ronducted under these sheds. 

Fig. 2. — An old type of Fish Curing ATard comprising a row of thatched huts where fish are 
cured on tho bare mud floor. 

Fig. 3. — ^A model Fish Curing Shed with cement concrete platforms to replace mud floors. 

Th(> Covernmout of Bombay have eaiinarkod Ks. 9, 00, 000 for the improvement of 
,34 Fish Curing Yards in the State. 
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IN VIVO STUDIES ON THE ‘ANTUTHI AMINE FACTOR’ IN FRESHWATER 
MUSSEL (LAMELLIDENS MABGINALIS). 

By K. K. Reddi, 1. 0,1. Research Fellow, Depariment of Biochemistry, Indian Insiitvte 

of Science, Bangalore. 

(Communicated by Dr. B. C. Guha, F.N.I.) 

(Received December 30, 1949; after revision February 8 ; read March 3, 1930.) 

Introduction. 

The occurrence of ‘ anti -thiamine factor’ in certain species of fish was first 
reported by Green (1936, 1937) and his associates (1940, 1941, 1942). The enz^miie 
nature of the factor was established by Spitzer et al. (1941 ), Woolley (1941 ), Sealock 
et al. (1931) and Sealock and Goodland (1944). The nature of the action of this 
lactor on thiamine was established by Krami)itz and Woolley (1944) by t he isolation 
of ])yriniidine and thiazole derivatives following the hydi'olytic cleavage of the vitamin. 

Recently it was re])orted by Reddi et al. (1948) t])at the visceral mass of fresh- 
water mussel (Lamellidens mmginalis) contains an active enzyme system which 
destroys thiamine. Experimental evidence was presented to show that the enzyme 
system is (jomposed of two thiaminases, one optimally active at pH 3-6 and the other 
at pH 6-5 . The two thiaminases were separated and their kinetics were studied 
(Reddi et al. 1949). 

The present communication deals with the study of the influence of the thia- 
minase system in freshwater mussel on the availability of added thiamine to rats. 
It is well known, the factors that render the ingested enzymes ineffective either by 
destruction or inactivation, are jaesent in the gastro-intestinal tract. Therefore, 
this direct study on the rats will be of more practical value. 

Experimental. 

Young albino rats were used for those experiments. The growdli promoting 
])roperty of vitamin is applied as the criterion of the availability. 

Basal diet (free from vitamin Bj). — Evans and Le})kovsky (1929) studied about 
seven diets containing various amounts of suctobc, proteins and fat. Of all the 
diets tested, the most sensitive for growth studies was found to be a sucrose-protein 
diet of the following composition: — 


Composition of the basal diet. 


Casein (free from vitamin B^) . . 

. . 20 

Sucrose 

. . 70 

Salt mixture 

4 

Autoclaved yeast . . 

. . 10 


This diet was supplemented with two drops of Shark liver oil daily. 

Preparation of casein free from vitamin B ^. — The casein was prepared according 
to the method of Evans and Lepkovsky (loc. cit.). 

Autoclaved Yeast . — Whole dried yeast was spread in pans to a depth of less 
than one inch and autoclaved for 5 hours at 18-20 pounds pressure. This prepara- 
tion was used as a source of the thermostable water-soluble factor throughout the 
experiment. 


VOT. XVI— No. 4. 
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Salt mixture {McCollum ). — Sodium chloride 51 0; Crystals of magnesium sul- 
phate, 159*6; monobasic sodium phosphate 1041; monobasic calcium phosphate, 
162*0; dibasic potassium phosphate, 286*2; ferric citrate 35-4 and calcium lactate 
3900. 



I’m, I — 1. Larmllidens margirialia . 

2. Muscular scars and pallial 
impression of same. 


Preparation of the imissel extract . — The mussels were obtained fresh and the 
shells were removed. The whole visceral mass (100 gm.) was minced and ground 
with water (400 c.c.). The suspension was allowed to stand overnight in a refri- 
gerator. It was then filtered through cloth. The turbid aqueous extract was 
purified by acidification. To the turbid extract bN acetic acid was added drop by 
drop with stiiring till the of the extract was 4*0. This was kej>t in the ice chest 
for one hour for complete precipitation. At the end of the period, it was filtered 
in cold through Whatman No. 5 filter pajjer under suction with the help of hyflo- 
supercel. The clear filtrate contains both the thiaminases. The extract was 
prepared fresh every week. 

Procedure . — Eighteen young albino rats, 4 weeks old, weighing from 40-60 gms. 
and of known nutritional history were used as experimental animals. These were 
placed in individual cages provided with raised wide mesh bottoms, to prevent the 
animals to have access to excreta. The storage capacity of the rat for vitamin 
is so low that it is not necessary to deplete the animal preliminary to feeding (Evans 
and Lepkovsky, 1928). However, they were fed on basal diet for seven days to be 
on the safe side. During this period there was a rapid increase in the weight of all 
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animals. At the end of this period, they were assembled into three groups, each 
group having six animals. 

Group 1 . .Basal diet +5 micrograms thiamine hydrochloride. 

Group 11 . .Basal diet-f5 micrograms thiamine hydrochloride -f 2 c.c. mussel 
extract. 

Group 111 . . Basal diet only (control). 

10 gm. of basal diet per day per rat was given. Thiamine in solution, 5 micro- 
grams per rat per day, which approximates the growth requirement (Williams and 
Spies, 1939) was delivered through pipette into mouth. Rats in Group II, received 
2 (\c. of mussel extract per day. Before giving the regular diet, the mussel extract 
was given in small cups, with a pinch of sugar. After it was licked comj)letely, 
5 micro-grams of vitamin Bj in solution was given orally. 

The observations of body weight were made once in five days. 

Rats in Group I, receiving 5 micrograms of vitamin B^ steadily gained in 
weight, thereby indicating that the amount of vitamin given is quite sufficient for 
normal growth. 



7 12 17 22 27 32 37 

DAYS 

Fig J. Influence Of MussH Extract On The Thiamine Availability 


0 0 Basal Diet + 5 Microgramt Thiamine Hydrochloride 

^ ^ Basal Dietzs Microgrbms Thiamine Hydrochloride-l- 2cjc Mussel Extract. 

0 ^ Basal Diet ( Control ) 


2 
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Rats in Group II, receiving 2 c.c. of mussel extract along with 5 mici ograms 
of vitamin Bj, rai)idly declined in weight and their food intake had also fallen down. 
By about 20th day, severe symptoms of vitamin deficiency, such as ]a(;k of 
muscular co-ordination, spasticity, retraction of liead and paralysis of hind legs 
were noticed. S})inning the rat by its tail evoked convulsive seizures. Five animals 
in this group died by 25th day and the rest died by 28th day. 

The animals on basal diet (control group) lost, weight gradually and the food 
intake had also fallen down. But the symptoms of deficiency, such as torpidity 
and spastic movements were noticed only after four weeks. Two rats died on 34th 
day and the rest were alive till 37th day, when the experiment was discontinued. 

The results are iiresentod in Figure II. 


Discussion. 

It seems obvious from the results that the 'anti-tliiamine factor' ])resent in tlu^ 
mussel extract, is capable of destroying vitamin Bj, both in vitro (Reddi ef al., 19148) 
and in vivo. These results are of jiractieal imfiortance, since t.lu^ 'anti-thiamine 
factor’ is re])ortcd to be widely distributed in foodstuffs oi‘ both plant and animal 
origin. According to Joliffe (1943), this factor represents a tyjie of (onditioning 
factor potentially res})onsible for malnutrition. 

The destructive effect of this factoi* can find appHcation in tlie biological assay 
of vitamin Bj. It c;an be used in ])reparing diets free from vitamin B^. It is 
difficult and time cjonsuming to pre})are diets free from vitamin Bj for biological 
assay. Autoclaving or sulphite treatment might involve partial or com])letc des- 
truction of other essential factors. It is far simpler and more effectives to incubate 
the material, that is to be rendered free from vitamin Bj, witli mussel extract. 
Abderhalden (1946) studied the application of thiaminasc in biological (jxperiments. 
Symptoms of deficiency were quickly ])roduced in jiigeons given car]j flesh, which 
contains thiaminasc. 

Summary. 

The influence of ruusaol extract on the availability of added thiamine hydrochloride was 
studied by rat growth technic juo. The roBult.s indicate that the factcjr present in mussel c^xtract 
is capable of destroying thiamine in the system. 

The application of the *anti-thiarnii)e factor^ in the mussel extract in ])iological assays of 
vitamin Bj has been discussed. 
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Introduction. 

One of the most interesting applications of ultrasonics is the determination of 
elastic constants of solids and determination of the velocity of the two types of 
elastic waves in them. It is also possible now to study the phenomenon of inter- 
ference in solid plates and to use the results for determining refractive indices of 
solids for ultrasonic waves. Some fifty years ago Prof. C. G. Knott (1899) had 
shown that whenever a wave — say a plane longitudinal one — is incident upon the 
interface of a liquid and an isotropic solid, it gives rise to three waves, viz. (i) a 
reflected longitudinal wave in the liquid itself, (ii) a refracted longitudinal wave in 
the solid, and (iii) a refracted shear wave in the solid ; all of them travelling with 
different velocities. The situation is shown diagrammatically in Fig. 1 where 0 is 



the angle of reflection of (i), 6^ is the angle of refraction for (ii) and Og is the angle 
of refraction for (iii). He has developed the theory of propagation of these waves 
and has further calculated the energies of the reflected and refracted waves for 
various angles of incidence. A short summary of Knott’s (1899) theory applicable 
to the case of ‘ longitudinal wave incident from a fluid and falling upon an elastic 
solid’, is appended here for ready reference. 

The equations of motion for plane waves in an elastic solid are expressible in the 
form 


(m+n)\J^=p^ .. 

• • (1) 

< 

11 

. . (2) 

<3 

to 

Ii 

tOftfNt 

. . (3) 
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where the i)lane ZT is taken perpendicular to the wave front, the displacement 
directions X, Y, Z are 


j, d(l> dtlt d4> 

^ ^ dx By * ^ ^ By 


Btjf 
Bx ^ 


? = s .. 


in 

(4) 


and p is the density, n the rigidity and m—\n — k called the bulk modulus. 
The stress components are 

P {m.-\-n)vH-2n^^, *? = w || 


Q= (w+7i)v®^— 2 m 


dx’ 


T = n 


dx 


= r; = M(2||+p-g)) 




( 6 ) 


The waves of the <f> type are longitudinal travelling with the velocity 

m ___ / E(1 —fi) 

p \/ 

Where E is the Young’s modulus of elasticity and p, is the Poisson’s ratio given 
the expression 

= = 

the waves of the tp type are shear waves travelling with the velocity 



(6) 

by 



Let us now consider a specific case of plane waves travelling in a fluid medium 
and incident upon a solid surface. The surface of separation being defined by the 
plane :c — 0. It can be easily seen that (assuming that no ip waves exist in the 
liquid; and taking <p of the form the solution is of the form 

^ _ jlf,ibicx+y+ttrt) ^j{^Qib{--cx+y+tt>i) 

in the liquid medium characterized by the constants W j, ni and pi 
fp* == ^ 
iP' = 



refracted waves in the solid medium having constants ^2 P 2 
where A is the amplitude of incident longitudinal wave 
A^ ,, ,, ,, ,, reflected ,, ,, 

A' „ „ „ „ refracted 

B’ „ „ „ „ „ shear „ 

c ,, cotangent $ 

c' „ „ e, 

y „ n 


Now the following boundary conditions have to be satisfied at the inteiface : — 

(1) The displacement normal to the surface must be same in both the media. 

(2) The tangential displacement must be the same in both the media. 

(3) The normal stresses must be equal in both the media. 

(4) The tangential stresses must be equal in both the media. 



OF SOLIDS BY PULSE METHOD 


229 


Condition (1) wants 

dfj) ^ d^' dtjj' 
dx dx dy 

which on substitution from (9) gives 

c(A-Ai) = A'c'+B' 

or cY = A'c'+B' (10) 

whore Y = A—Ai. 

Since it has been assumed that no shear waves exist in liquid, condition (2) need not 
be considered. 

Condition (8) gives in substitution from (5) 


^(y'2 + l)Z= ^'(y'2-l)+25y 
P2 

where X ~ A+Ai, 

Condition (4) gives on substitution from (5) 

B'(y'2^l)^2A'c/ = 0. .. 


Equations (lO), (11), and (12) give on simplification 

c y 2 — 1 

y_£8 .r I ^^'y' 1 

2r' 


• • (11) 


( 12 ) 


( 13 ) 


We can easily see that knowledge of the velocities of the various types of elastic 
waves can enable us to evaluate the elastic constants of solids by equations (6), 
(7) and (8) and that amplitudes of the reflected and refracted waves of the two 
ty[)es can be predicted by equations (13). The energy fractions of different waves 
can be subsequently calculated from the Knott’s energy equation 

1 _ I I PzY’^'^ ') 

Pi^' PiC [ (13)' 

or 1 = i?i J 


where Ey, E^, E 3 denote energies of reflected, refracted longitudinal and refracted 
shear waves taking the incident energy as unity. 

Methods for finding and Vs for opaque solids were first suggested by Bar 
and Walti (1934) and Bez Bardilli (1935). They have been recently used by Schneider 
and Burton (1949) for studying the elastic constants of aluminium, copper and several 
ty])es of resins. The method is based on the phenomenon of total reflection. A 
longitudinal ultrasonic wave is incident on a plane ]mrallel plate of a solid suspended 
in a liquid bath. The angle of incidence of the beam is changed by rotating the 
plate about the vertical axis. The energy transmitted through the plate is noted 
for increasing angle of incidence. Since the velocity of the waves in the solid is 
normally greater than in the liquid the waves are refracted away from the normal 
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(Fig. 1) and therefore at a critical angle of incidence Bx the longitudinal wave is 
totally reflected showing a pronounced minimum in the transmitted energy. Again 
at another angle 62 ffl® shear wave is also totally reflected showing zero transmission 
of sound energy. At these angles the following well-known relations hold good : 


V,= 


V 

sin ’ 


(14) 


and 




F 

sin 62 ’ 


(15) 


where F is the velocity of the longitudinal wave in the liquid. Thus by experi- 
mentally finding the values of 6 x and 6 2 we can know F^ and F* and using them 
calculate the values of the elastic constants of the solid. 

The possibilities and importance of ultrasonic methods have been greatly 
enhanced by the use of pulse technique developed largely during the last War, The 
pulse technique is the latest and most powerful method. The results obtained by 
this method may be regarded as physically equivalent to those obtained by conti- 
nuous methods, since it may be shown that diferences in behaviour between pulsed 
sound and continuous sound in liquids should produce negligible ofiects. Pellam 
and Galt (1946) have used this technique for measurement of velocity and attenuation 
of ultrasonic waves in Liquids. This paper is divided into two sections ; first giving 
an account of the measurement of the elastic constants of aluminium, brass, iron 
and a specimen of black stone from Malabar (South India) ; the second section gives 
the calculated energies of reflected and refracted waves based on equations (13) 
and (13)' for the cases of water-iron and water-malabar stone using the results 
obtained in the first section. We have, however, postponed the consideration of 
absorption coeflicient and the experimental verification of the results calculated in 
the second section of this paper for another occasion. 


Section I. 

Apparatus and method. 

Fig. 2 shows the block diagram of the apparatus used. An accurately conii olled 
lineal* saw-tooth oscillator is used to trigger an electronic radio-frequency pulse 
generator (1948). The transmitter generates a short radio-frequen(*y pulse of 2*5 
mc^./sec. repeated at the frequem^y of the saw-tooth time base oscillator. The 
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electrical energy is converted to ultrasonic energy by applying the electrical pulse 
across a 2 5 me. /sec. X-cut quartz disc contained in a special mount. The trans- 
mitter disc is fitted into a specially constructed tank (shown in Fig. 3) which contains 
the liquid. On the other side of the tank a similar quartz disc is placed which acts 
as the receiver, i.e., voltage is developed across it when ultrasonic energy falls on it. 
In the middle of the tank the solid plate is suspended by a specially designed holder. 
It can be rotated about the vertical axis and the rotation can be measured on the 
graduated circular dial. Special care is taken to keep the faces of the transmitting 
and receiving crystal and the solid plate parallel. The output of tlie receiving 
crystal is fed to a pulse receiver and amplifier. The equipment is used in conjunction 
with a cathode ray oscillograph which enables visual or photographic observation. 
The output of the receiver is applied to the vertical deflection plates of the C.R.O, 
A portion of the transmitter output is also applied to the same set of plates. To the 
horizontal plates is applied the saw-tooth time base voltage. When the equipment 
is switched on we see a pattern as shown in Fig. 4, on the screen. The first vertical 
pip is due to the transmitter pulse and the second is due to the pulse received by the 
receiving crystal, the pulse having travelled through the liquid and the solid plate. 

The general procedure is to note the height ol the second pip or the voltage as 
the solid ])late is rotated, i.e., the angle of incidence is changed. Graphs of ampliUide 
of the pulse passed through the plate and the angle of incidence is plotted for various 
substances. Photographs of the oscillograph screen is also taken at various angles 
of incidence. 


Observations and Results, 

Figures 4, 5 and 6 arc })hotograph8 showing the })ip lieight for the case of alu- 
minium at zero incidence, when longitudinal wave is totally reflected and when 
shear wave is totally reflected respectively. Note the complete absence of the 
se^iond pif) in Fig. 6. Figures 7 to 10 are photogra})hs for the case of iron plate at 
four angles of incidence. Fig. 8 is for the case when longitudinal wave is totally 
reflected w^hereas Fig. 10 is for the case when shear wave is also reflected. Figs. 7 
and 9 show the interesting phenomenon of multiple reflection between the plate 
and the receiving electrode. Note the decreasing height of the successive pulses. 
This will bo studied later on and will be utilized to find the attenuation coefficient. 

Figures 11 to 10 show the graphs of amplitude of the pulse passed through 
the plate vs. anghi of incidence for various substances. The graplis are self-explana- 
tory. The tank liquid in all the cases was distilled dust-free water. 



Sompte - Aluminium 
Thickness - 3 /0 m.m. 



Fia. 11. 


Fio. 12. 
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Simpk — Aluminium 



Fm. 14. 



Somple - Black shne hiahbar 



Fig. 15. 


Fig. 16. 


It is seen that as expected results obtained from thin plates are low whereas thicker 
plates (at least a few wavelengths thick) give correct results. The results obtained 
from these gra])hs are tabulated in Table I. It is to be noted that in the case of the 
specimen of black stone from Malabar the shear velocity is larger than in metal. 


Table T 


No. 

Substance 

Density 

Tank 

Liquid 

F cm /sec. 

Vi cm. /sec 

F^ cm. /sec. 

y] dynes/cm.^ 

E dynes/cm.® 


1 

Alinninium 

2’ 70 

Water 

l-5x 106 

712x106 

2-83x106 

210x 1011 

6-09 X 1011 

0*406 

2 

Brass 

8-54 


>> 

4*5 X 106 

2-33 X10> 

4-04x1011 

1-22 X 1012 

0-317 

3 

Iron 

7‘86 

- 

•• 

Ci X 106 

2-86 X 106 

6-38x1011 

i 

1-78x1012 

r>‘36l 

4 

Black stone 
from Malabar 

2-99 

- 


7-2.3x106 

3-84 X 106 

4-41 X 1011 

1-15 x 1012 

0-303 


Section II, 

This section gives the calculated values of the energies of the reflected and re- 
fracted waves based on equations (13). Table II shows the data for the case of water 
and iron and the Table III shows the data for the case of water and malabar stone, 
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The experimental verification to these data will be undertaken shortly. 

In conclusion I wish to express my sincere thanks to Dr. R. N. Ghosh, D.Sc.,^ 
F.N.I., F.A.8., under whose careful guidance this work has been conducted. 
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1. Introduction. 

For the past several years, this Laboratory has been engaged in investigations 
relating to crystal elasticity, llie starting point for these studies was the develop- 
ment of a now method known as the wedge method (Bliaga van tain and Bhimasena- 
char, 1944) which permits us to handle small crystals. Tliis method has been applied 
to several single crystals and rocks. Recently, a study of the elastic (‘onstants of 
the isomorphoiis series of alums has been made by vSundara Rao (1947 and 1948). 
In continuation of this work, a study of the elastic behaviour of the isomorphous 
series of nitrates of barium, lead and strontium has been undertaken by the authors 
and the results are given in the present paper. 

2. Structure and Form of Nitrates. 

The nitrates of barium, lead and strontium, belong to the cubic system. It 
is not yet established decisively whether they belong to the space group T or Tk^. 
The crystallographic, the spectrographic and the X-ray investigations give results 
which do not agree with one another. Early crystallographic investigations (Groth, 
1908) indicate that they belong to the class 1\ while the X-ray data (Wyckoflf, 
1931 ) confirm the space group 7 a® Rnd reveal that these nitrates are cubic with four 
molecules in the unit cell, the edges uq of the unit cube being: barium nitrate 811 
A.U., lead nitrate 7-84 A.U., strontium nitrate 7-81 A.U. 

The powder data show that the nitrate ion is not planar while the Raman effect 
data (Padmanabhan, 1 948) show that it is planar. 

This difference, however, does not affect the elastic measurements, since the 
number of independent elastic constants for all crystal classes in the cubic system is 
three. 

Single crystals about 1 to 1*6 cm. long and broad and about 1 cm. thick were 
grown from aqueous solutions by slow evaporation. The predominantly developed 
faces on these crystals were (001) and (111). From these crystals sections parallel 
to (001) and (111) were prepared by grinding the crystals on a ground glass plate 
using water as lubricant. 

3. Determination of the Elastic Constants. 

Sections parallel to the well developed faces (001) and (111) have been employed 
for a determination of the velocity of propagation of the longitudinal or shear waves 
along directions perpendicular to the above faces. If or is the fundamental 
of natural frequency of thickness longitudinal or tliickness shear vibrations of a 
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crystal plate of thickness d then the velocity of propagation of longitudinal or shear 
waves along the thickness of the plate is given by = 2 df^ and = 2 df^. These 
velocities are related with the elastic constants On, C12 and 044 through the solutions 
of Christoffol’s equations for propagation of sound along these directions; v^p = O' 
where p is the density and O' is the effective longitudinal or shear constant of elasticity. 
These solutions are included in Tables I, II and III along with other experimental 
data. The independent elastic constants On, 0^2 and O44 are calculated from 
these relations. 

Tablk I. 


Measvreinents on Barium Nitrate. 


Density — 3*240 gm./cm.S. 


riate 

No. 

Thickness 

mm. 

Section. 

Transmission 

fundamental 

Mes. 

Mode. 

cr 

Expression. 

Value. 

1 

i 

1*585 

(001) 

1*356 

L* 


5*99t 




0-601 

T 


1-18 

2 

1*096 

(001) 

1-940 

L 


6-86 




0*896 

T 

f 44 

1*23 

3 

2*033 

(111) 

0*949 

L 

6 1 1 4- 2 Cjg 4- 4 6^44 

3 

4-82 




0*570 

T 

Chi — 6 ^ 12 + L '44 

3 

1*74 

4 

1*093 

(111) 

1*772 

L 

3 

4*86 




1-064 

T 

Chi — <7i24- f^44 

1-75 






3 



From the above readings, we have On = 5*93, C'12 == 1*89 and 6^44 = 1*21 as 
average values. 

Table 11. 


Measurements on Lead, Nitrate. 


Density = 4*525 gm./cm.3 


Plate 

No. 

Thickness 
in mm. 

Section. 

Transmission 
fundamental 
Mcs. ^ 

Mode. 

C" 

Expression . 

Value. 

1 

2*160 

(001) 

0-740 

L 

On 

4-62 




0-400 

T 


1*35 

2 

1*970 

(001) 

0*807 

L 

Chi 

4-68 




0-442 

! T 

C 44 

1-37 

3 

1-453 

(001) 

1-084 

L 

On 

4*49 




0*602 

T 

<^44 

1-39 

4 

1-705 

(111) 

1*014 

L 

( Ch 1 4- 2 C 1 2 ■h 4 C 44 ) 

3 

5-41 




0*440 

\ T 

((711—0124-044) 

3 

102 

5 

1-560 

(111) 

M16 

L 

(0,1 + 20,4+4044) 

3 

5-48 




i 

0-455 

T 

(Oji— 0124-044) 

0-91 






3 



* Here and in subsequent Tables L — Longitudinal, T — ^Torsional. 

f Here and in subsequent Tables the values of <7n, and C 44 are given in units of 
10 dynes per sq. cm. 
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From the above readings the elastic constants for lead nitrate are C'n = 4-56 ; 
C\2 = 3 09 ; (744 == 1 * 37 . 

Table III. 

Measureine'iiis on Sironlinni Nitrate. 


Density — 3*023 giii./em.S 


Plato 

No. 

Thickness 
in mm. 

Section. 

Transmission 

fundamental 

Mes- 

Mode. 

C' 

Expression. 

Value. 

1 

1*893 

( 001 ) 

I *042 

L 

^11 

4*70 




0*574 

T 

O 44 

1 *43 

2 

1*880 

(OOJ) 

1*067 

L 

<^'11 

4*87 




0-.579 

T 

C '44 

1*43 

3 

1*350 

( 001 ) 

1*470 

L 


4*76 




0*882 

T 


1*49 

4 

1*204 

( 001 ) 

1*620 

L 


4*60 




0-923 

T 


1*49 

5 

1*917 

(Ml) 

1*061 

L 

( U j j + 2 Cj 2 + <^''^4^) 

3 

5*00 




0*547 

T 

(^11 “ t 44 ) 

3 

1*33 

0 

l*8G7 

( 111 ) 

1*084 

L 

(Oil-) 2('/,2-|-4r44) 

3 

4*95 




0*566 

T 

(f'ii~(h2+^W 

3 

1*35 


From these readings, the elastic constants of strontium nitrate obtained are 


Oil = 4*73; C \2 = 218 and (^44 = 1*46. 

The values of the elastic constants of the nitrates are collected together and 
presented in Table IV. The last column gives the Bulk modulus k calculated from 
the relation, 

7, _ ^^ 1 + 26^2 

fc ^ . 


Table IV. 

KlaMic Constants of Cubic Nitrates, 



Density. 




k 

Lead Nitrate 

4*525 

4*56 

3*09 

1*37 

3*580 

Barium Nitrate 

3*240 

5*93 

1*89 

1*21 

3*237 

Strontium Nitrate 

3*023 

4*73 

2*18 

1*46 

3*030 


4. Discussion of Results. 

The elastic constants of barium nitrate have been determined by Sundara Rao 
(1948) previously in this Laboratory. His values are C’n = 6*02, 6^12 = 1*86 and 
C44 = 1*21. The author’s values given in Table IV are in excellent agreement 
with these values. 









238 J. BHIMASENACHAR : ELASTIC CONSTANTS OF SOME CUBIC NITRATES 

In the case of lead nitrate, no elastic data are available in the literature. These 
are determined here for the first time. 

For strontium nitrate, Bridgmann has given the value of cubic compressibility 
for compressed powder-cake. This value is taken from Landolt-Bomstein Tabellen 
(1935). The value of Bulk modulus calculated from this data conies out as 
3 02x101^ dynes/cm. 2 The elastic constants of strontium nitrate determined by 
the authors lead to a Bulk modulus of 3-03' X lOn which compares very well with 
Bridgmann's value. 

In this series of isomorphous substances also the Bulk modulus k increases 
with density. Since there are only three substances no serious attempt can be made 
to determine the dependence of the Bulk modulus on density. 


5. Elasticity Surfaces. 

Surfaces of elasticity, one for the bending modulus and the other for the rigidity 
modulus, tlie radii vectors in the two cases being proportional to ^'33 and 
2 (‘^'44 +‘^'55) respectively are drawn for each crystal. 

Sections parallel to (001 ) of the elasticity surfaces ol* the different crystals are 
given in Figs. 1, 2 and 3. In order to be able to draw those surfaces the f7’s are 
converted into the .s’s using the well-known relations. The values of the clastic 
coefficients (rs’s) for the three crystals are consolidated in Table for ready reference. 



Fig. 1. Seotions parallel to (001) of the Elasticity surfaces of Load Nitrate. 
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Tablk V. 

Elastic Coefficients of the Cubic Nitrates, 



^11 

<^12 


Lead Niti’ate 

49 

-- 20 

73 

Barium Nitrate 

20 

-5 

83 

Stroniiiim Nitrate 

30 

-9 

09 


(Units Ibr .v's in this Table are 10“^^ cm. 2/dyne.) 



Fig. 2. Sections parallel to ( 001 ) of the Elasticity surfaces of Barium Nitrate. 


6 . Summary. 

The elastic constants of single crystals of barium nitrate, strontiunY nitrate and lead nitrate 
have been detennined employing the wedge method. They are Cn— 5-93, Cig — 1*89, 

1*21 for barium nitrate; C\^ ~ 4*73, C 12 2'18, (' 44 = 1*46 for strontium nitrate and C'n 

--- 4*56, Cj2 “ •^d)9, C '44 — 1-37 for lead nitrate. 

The authors take this opportunity to offer their grateful thanks to Prof. S. Bhagavantam, 
for the kind interest he has taken in the progress of this work. 

One of the authors (J. B.) is indebted to the National Institute of Sciences of India for the 
award of the Senior Research Fellowship which permitted him to carry out these investigations. 
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Fig. 3. Section.^ parallel to (OOl) of the Elasticity surfaces of Strontium Nitrate. 
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ELASTIC CONSTANTS OP CORUNDUM. 

By J. Bhimasbnaohab, D,Sc,, N,1,S, Senior Kesearch Fellow y Department of Physics y 

Andhra University, Waltair, 

(Communicated by Prof. S. Bhagavantam, P.N.I.) 

(Received October 13, 1949 ; read March 3, 1950.) 

1 . Introduction . 

Corundum is an important naturally occurring crystal. It is a highly priced 
gemstone. Its industrial value as an abrasive is very great as its hardness is next 
to that of diamond. Therefore it is a substance whose physical properties have 
been studied very thoroughly. Recently Sundara Rao (1949) has reported the 
elastic behaviour of a single crystal of synthetic alumina. As tliis crystal belongs 
to the D^d class of the trigonal system its elastic behaviour is characterised by 6 
independent constants Ci^, C12, Ois, C14, Cag and O44. In order to determine these 
constants (> independent observations are necessary on crystal plates cut with 
suitable orientations. In liis investigations Sundara Rao has used a synthetic 
specimen in the form of a semicylindrical boule with the optic axis of the crystal 
making an angle of about 14° to the axis of the boule. Since natural crystal faces 
were not developed on this boule he had to use crystal plates cut with odd orienta- 
tions and was therefore forced to determine the important constant by a sum 
and difference method which invariably magnifies small errors and vitiates accuracy. 

Tlianks to Prof. C. Mahadevan, M.A., D.Sc., P.A.Sc., P.N.I. , the Hoad of the 
Geology Department of this University, a natural crystal of good size was available 
to the author. This crystal was opaque, brownish in colour, about V in diameter 
and 1-5'' in length, and had its basal plane (0001) and prism faces (1120) well deve- 
loped. In the present investigation suitable crystal sections were cut from this 
specimen to an accvu*acy of less than 1° of arc. Results of investigations on this 
crystal are presented here. 

2. Choice of Crystal Sections. 

It has already been said that this crystal has six independent elastic constants 
and therefore six independent observations are necessary for their determination. 
Crystal sections employed for this purpose are tabulated in Table I along with the 
Oy ^ co-ordinates as well as the values of the direction cosines of the normals to 
these sections. 

The velocities of propagation of longitudinal and shear waves along these 
normals are determined by the values of €"33 and C'44 for each particular plate. 
In general 

G'aij = Cii(l — a233)^-|-C33a^33H-(4(744 -f-2Ch3)a^33(l — a‘*^33) 

^^14^280^33 •• •• •• •• • • (U 

c 44 = ^^Il(a2l20^^13+a^22a^23) +2C|2ai2ai3a22a23 

“l-2C'x3a32C3t38(^120Cl3 "b0C220t23) +Gi4[4ai20tl3(^220t38 +a28^32) 
-f-2(a2x2^23<3^33 4”a®12^22<3t32 "“0^^22^230^33 "“^220^^230^82)] 
”hC83(a^32a233) "f'C44[(a220C33 ‘f‘«280t32)^ 

+ (OCl20C83+Oti3a32)2]+C'6o(oti20C23+OCi8a22)^ •• •• (2) 


VOL. XVI— No. 4. 



242 


J. BHIMASENACHAK : ELASTIC CONSTANTS OF CORUNDUM 


where the a’s are directions cosines between the three principal axes Xj, X2 and 
of the crystal and a set of new axes in which the normal to the crystal plate is 
regarded as the X'3 axes so that the direction cosines of X'3 are ai3, a23 and ass* 
Particular solutions coiTesponding to each one of the plates are also given in Table I. 


TABI.E I. 

Description of CryaUil Sections. 


No. 

Cut of the 
plate. 

e 


ai3 

“23 

^33 

c’'3»(r.) 

t^'44(T) 

1 

Z 

0 


0 

0 

1 

^"33 

C 44 

2 

X 

t)U° 

0 ' 

1 

0 

0 

^'11 

C 44 * Cee 

3 

Y 

90° 

90° 

0 

1 

0 

^'11 


4 

45^^ XZ 

45^- 

0° 

Jl 

0 

■Ji 

f <^' 33 + ‘*'*^'44 + 
^^' 13 ) 


f) 

135° XZ 

135° 

0° 

Ji 

0 

-Vi 

2C’i8) 


6 

45° YZ 

45° 

90° j 

0 

s/i 

1 

Vi 

2n,8-4C'i4) 



(L — Longitudinal; T ™ Torsional, constants.) 


In plates 4 , 5 and 6 since the torsions are not observed their solutions are not 
given. It can be seen from this table that each constant is determined uniquely 
and there is no need of solving any simultaneous equations. 

We may remark even here that Sundara Rao apjmrs to have made, inadver- 
tently, a mistake in describing liis plate No. I in his Table I. Direction cosines for 
this plate must be ajs = 1, a^s == 0 and a33 = 0 if the plate is to lead to determina- 
tions of Cll, 6^4 and Oqq. According to his description, his plate I gives C'33 = 
6^33 and = 044. 


3. Experimental Technique and Results. 

The method employed for determining the normal modes of the crystal sections 
is the well-known wedge Method (Bhagavantam and Bhimasenachar, 1944 ) developed 
in these Laboratories. The driving circuit for the wedge is a variable frequency 
oscillator rigged up using a Taylor ^'55 valve and operating in the region 2 to 20 Mcs, 
Experimental Results are given in Table II. 


Table II. 

Elastic Constants of Corundum. 

Density 3 '81. 


No. 

Section . 

Thickiioss 

Frequency 
in Mcs. 

Mo<le. 

Effective Elastic Constant O'. 

in nun. 

Expression. 

1 Value. 

i 

1 

Z 

2-58 

2-350 

L 


56-3 

2 


2*58 

1-515 

T 


23-2 

3 

X 

213 

2-588 

L 

Cji 

46-3 

4 


2*13 

1-833 

T 

C44 

23-2 

5 


213 

1-569 

T 

Cgs (■^)(C'2i— C'12) 

17-0 

6 

Y 

2-16 

2-572 

L 

^'11 

46-6 

7 


215 

1-830 

T 

C 44 

23-6 

8 

45°XZ 

215 

1-560 

T 

Gee = (4)(Gii-Ciis) 

17-1 

9 

1-67 

3-590 

L 

i(Gii+G33-f4CV*H-2C',a) 

64-8 

10 

1SC>°XZ 

2 67 

2-250 

L 

** 1 

54-9 

11 

46^ YZ 

1-55 

3-494 

L 

— 46 ^ 14 ) 

44-7 


(As usual C' are expressed in units of IQii dynes/cm.®) 
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From the above table we have the following average values for the elastic 
constants. 


'11 = 46-6 

Cr , = 12-4 

'33 = 66-3 

Cis = 11-7 

= 23-3 

C ,, = 101 


Tlie clastic coefficients or moduli are determined using the usual relations. 

== 46*5 .'?j2 “ — 1*05 

'^’83 ^ I ‘93 »923 = — 0*38 

4944 = 5 77 2.9i4 = 1*71 

Hero the 6's are given in Wooster’s notation and the units are 10"“i3 cm. 2/dyne. 

4. Discussion of Results. 

The first thing is to compare our results with those of 8undara Rao ((7i4 = 46*6, 
(733 = 50*6, O44 = 23*5, Cy 2 = 12*7, Ci^ = 11*7 and 6^14 = 9*4). Excepting for a 
change in the value of Ogs the results agree excellently well. As has already been 
remarked this may be duo to the fact that Sundara Rao employs sections with odd 
orientations and obtains (/ss ^ sum and difference method. 

The principal Young’s modulus along the optic axis turns out to bo 51*8 as 
against Auerbach’s value of 53*1 {vide L and B Tables) and leads to a better «agree- 
ment. 

The cubic compressibility ^ turns out to be 4*11 x cm. 2/dyne the same as 

tliat of Sundara Rao. 


5. Summary. 

The olastic constants of a single crystal of natural corundum are reported, the values being 
= 4r>*r>, C ^33 ~ 56-3, (" 744 = 23-3, 6*12 “ 12-4, = 11*7 and O ', 4 ~ 10*1 irx units of 10''' 

dynos/cm .2 

The author takes this opportunity to express his gratitude to the National Institute of 
Sciences of India for the award of a fellowship, to Prof. 8 . Bhagavautam, Hon. D.Sc., F.A.Sc., 
K.N.T., for the interest lie took in this work and to Prof. C. Mahadovan, M.A., I). Sc., F.A.Sc., 
F.N.I., for supi>lying the beautiful spcMdmeii of corundum. 
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AN EMBRYOLOGICAL 8TUDY OF LEVENHOOKIA DUBIA 80ND. 

IN LEHM. 

By K. SiTBRAMANYAM, Department of Botuny^ Central College^ Bangalore* 
(Communicated by Prof. P. Maheshwari, D.Sc., F.N.T.) 

(Received April 15 \ read August 4, 1950.) 

Introduction. 

The genus Levenhookia R.Br. is restricted to South Australia and is jilaced in 
the second tiihe Stylidieae of the family Stylidiaceae (Engler, 1908). The earlier 
literature on the emhryological features of the family has already been reviewed by 
me elsewhere (1950). 

Material and Methods. 

L. duhia is a slender tiny erect herb growdng to a height of one to two inches. 
The minute dowers are arranged in racemose clusters. The corolla is peculiar in 
having a grote^sque labellum which encloses the column. The material used in this 
study was collected from a damp pasture land at Melbourne, South Australia, by 
Mr. J. H. Willis and Mr. O. D. Evans who very kindly passed it on to me for 
invtvstigation. After following the customary methods for imbedding the material 
in paraffin, sections were cut at a thickness of 10 to 16 microns and stained in 
Heidenhain’s iron alum-haematoxylin with eosin as a counterstain. 

The Flower. 

Fig. 1 represents a longitudinal section of the dower to show the arrangement 
of the different doral i)art8. The dower is peculiar in having a column which 
originates from the apex of the inferior ovary and represents the fused style and 
stamens. The apex of the column ends in a bilobed stigma with one sessile anther 
on each side of it. The epidermal cells of the stigmatic lobes are papillate and densely 
cytoplasmic (Fig. 2). 

At the base of the column and just above the inferior ovary is the nectary 
(Figs. 1, 3) composed of glandular cells with conspicuous nuclei and dense contents. 

A number of glands are present on the pedicel of the dower, the outer wall of 
the inferior ovary and the sepals and petals. The mature gland (Fig. 4) consists of 
a biseriate stalk composed of a variable number of cells and be^iring at its apex a 
group of four cells arranged in a sphere (Figs. 4, 5). The cells of the gland have 
conspicuous nuclei and dense cytoplasm. 

The ovary is rounded to ovoid in outline, inferior and unilocular. The ovules 
are borne on a massive basal globose free central placenta (Figs. 1, 6). Those 
toward the upper portion of the placenta are anatropous and those below are 
hemitropous (Figs. 6, 7). This seems to be related to the breadth of the loculus 
which is greatest in the upper region but narrows toward the base. The wall of the 
ovary is made up of five to six layers of cells (Fig. 8). At the mature embryo-sac 
stage the cells of the innermost layer of the ovary wall become elongated and 


* Part of work done during the tenure of a Junior Besearch Fellowship of the National 
Institute of Sciences of India. 
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Fig. I, — L.8. of flower to show arraiigenioiit of floral parts {col. = (column; n — nectary). X 30 . 
Fig. 2, — A stigmatic lobe with papillose cells. x215. 

Fig. 3. — L.S. Jiectary {col, ™ coliinm; n = nectary; p = petals; 8 “ sepal), x 120. 

Fig. 4. — A multicellular gland . x215. 

Fig. 5. — Top view of gland showing four cells. x400. 

Fig. 0. — L.S. ovary showing free central placentation. x 30. 

Fig. 7. — ^A hemitropous ovule with embryo sac. x 215. 

Figs. 8~10. — Pc^rtions of ovary wall at various stages in development of fi uit ; in later stages the 
cells of the innermost layer become elongated and lignified. Fig. 8. X 291; Fig. 9. x 120; 
Fig. 10. X120. 

Figs. 1 1-14. Stages in development of process arising from base of column and projecting down- 
ward into locule of ovary. Fig. 11. x400; Fig. 12. x486; Fig. 13. X291; Fig. 14, 
X 120. 

Fig. 15. — Portion of integument enlarged {End. = Endothelium). x400. 

Fig. 16. — Portion of seed coat enlarged {E =; epidermis; end. = endothelium; es. =* endosperm; 
d = crushed walls of the seed coat.) x216. 



OF LEVENHOOKIA DUBIA SOND. IN LBHM. 


247 


thickened due to a deposition of lignin (Figs. 9, 10). At the same time the cells of 
the outer epidermis enlarge and a j^rominent cuticle is deposited over their outer 
surface. 

An interesting feature seen in a longitudinal section of the ovary is the presence 
of a structure projecting downward from the base of the column and surrounding the 
apex of free central placenta (Figs. 1, 6). In very young stages the inner w all of the 
column bordering the apex of the loculus consists of a mass of homogenous cells with 
a narrow vertical slit in the centre (Fig. 11). A few of the epidermal cells lining the 
base of the slit undergo periclinal divisions (Fig. 12). By further divisions of these 
<;ells and the elongation of the hypodermal cells the projection becomes more ])ro- 
nounced. It presents a forked appearance in a longitudinal section and (H)vcrs the 
apex of the free central placenta (Fig. 13). The forks slightly curve outwards and 
are composed of a mass of thin walled parenchymatous (rolls. Later, the epidermal 
cells become elongated and strongly lignified, and the cells of the subopidermal 
layer, which enlarge prominently, also become strongly thickened (Fig. 14). 

A characteristic feature of this plant is the occurrence of starcrh grains in the 
ovary wall (Figs. 9, 10), the })lacenta, the cells of the integument and the endosperm 
(Figs. 16, 42-47). 

Microsfobangium and Male Gametophyte. 

A transverse section through the young anther lobe shows a plate of four 
archespc^rial cells (Fig. 17), which divide pericUnally to form the primary parietal 
and the primary s])orogonou8 cells. By fuii/her periclinal divisions (Fig. 18) the 
])rimary parietal layer produces the anther wall and the sporogenous cells by under- 
going a few more divisions bo(H)me converted into the spore mother cells (Fig. 19). 
The epidermis is the outermost layer in the anther; next (^omes the endothecium; 
then a middle layer which soon becomes flattened and (^rushed; and tinally the 
glandidar tapetum whose colls are uninucleate at first (Fig. 19) but later become 
binucleate (Fig. 20). The microsi)ore mother cells undergo the usual reduction 
divisions and form tetrads of micTospores. Quadripartition of the microspore 
mother cells takes jdaco by peripheral cleavage furrows (Fig. 21 ) and the microspores 
are arranged tetrahedrally. 



Fig. 17. — ^Portion of cross-section of anther showing archesporial cells. x679. 

Fig. 18. — Division of primary pariotal layer. X679. 

Fig. 19. — Portion of young anther showing epidermis, endothecium, middle layer, uninucleate 
tapetum and sporogenous cells, x 079. 

Fig. 20. — Same at later stage showing binucleate tapetum. X679. 

Fig. 21. — Quadripartition of microspores by formation of cleavage furrows. X970. 

Fig. 22. — ^Division of generative nucleus. x970. 

Fig. 23. — ^Mature pollen grain showing tube nucleus and male cells. x 970. 

Fig. 24. — Portion of mature anther showing stomium, and fibrous endothecium. x486. 

Fio. 25. — Germination of a pollen grain in eitu; note male cells in pollen tube. x485. 


In the mature anther the middle layer and the tapetum become disorganized 
and the endothecium develops the usual fibrous thickenings. The epidermal cells 
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also become shrivelled except those lying near the line of dehiscence which enlarge 
conspicuously (Fig. 24) and constitute the stomium. 

The first division of the microspore results in the delimitation of a small 
lenticular generative cell from a large tube cell. The generative cell divides to 
produce two male cells (Figs. 22, 23). 

In many anthers the pollen grains were found to have germinated in situ. 
Fig. 25 shows one such case with the two male cells in the tube. The tube nucleus 
is still in the pollen grain, and is showing signs of degeneration. 

Meqasporangium AND Female Gametophyte. 

The ovules appear as conical outgrowths on the placenta. The single integument 
appears just after the differentiation of the hypodermal archesporial cell and is made 



Fig. 26. — L.S. yomig imcellus showing primary archesporial cell, x 1000. 

Fig. 27. — Throe archesporial cells arranged in a superposed manner. X 800. 

Fig, 28. — Megaeporo mother cell. x460. 

Fig. 29. — Megaspore mother cell in division, x 679. 

Fig. 30. — Dyad formation. X 1000. 

Fig. 31. — ^Tetrad of mogaspores. x 1000. 

Figs. 32-33. — Stages in formation of T-shaped tetrad. Fig. 32. x 1000; Fig. 33. X679. 

Fig. 34. — ^Dyad cell dividing; note oblique division in upper dyad cell, x 1000, 

Fig. 36. — ^Division in the lower dyad cell completed; upper dyii cell in telophase stage, x 1000. 
Figs. 36-37. — Second and third nuclear divisions in embryo sac. x 1000 each. 

Fig. 38. — Mature embryo sac showing elongated synergids and conspicuous endothelium; note 
filiform apparatus in the synergids. x 700. 

Fig. 39, — Basal portion of embryo sac showing small chalazal process, pointed antipodal cells 
and endothelium, x 679. 

Fig. 40. — A steige in double fertilization, x 970. 
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up of throe layers of cells. Later, it becomes four-layered (Fig. 15) except in the 
region of the micropyle where the number of layers is usually smaller. 

The primary archesporial cell (Fig. 26) directly functions as the megaspore 
mother cell (Fig. 28). Sometimes two to three archesxiorial cells (Fig. 27) are met 
with in the same nucellus (cf. Stylidhim garminifolium, Subramanyam, 1950). As 
a rule tetrad formation takes jdace normally (Figs. 20, 30, 31). Sometimes the 
upj)er dyad cell divides in a plane at right angles to that of the lower (Figs. 32, 33), 
or the division is oblique (Fig. 34). Rarely it shows a belated division (Fig. 35). 
In any case, the chalazal megas^iore functions. After undergoing three successive 
divisions (Figs. 36, 37) it produces an eight-nucleate embryo sac of the Polygonum 
tyi)e (Maheshwari, 1948). 

Luring the further development of the embryo sac, the cells of the micellar 
ejudermis are completely destroyed, so that the embryo sac comes in contact with 
the innermost layer of the integument which becomes modified to form the 
endothelium (Figs. 15, 38). It consists of transversely elongated vacuolate cells with 
conspicuous nuclei. 

The mature embryo sac (Fig. 38) ta})ers towards both ends. The synergids are 
longer than in most plants. They have a hooked axncal end with a filiform 
apparatus, and a fairly broad basal end containing a large nucleus. The egg is 
X)ear-shaped and is situated between the synergids. Tlie two x)olar nuclei fuse in 
the centre of the embryo sac to form a large secondary nucleus just x>rior to fertiliza- 
tion. The antix)odals are organized into definite cells (Figs. 38, 39) and are usually 
pointed basally. They x^ersist during the early stages of endo8X)erm develox)ment 
(Figs. 41 to 47), but there is a tendency for the lower end of the embryo sac to gr ow 
beyond them as a very delicate x>roce^s (Fig. 39) xienetrating into the chalaza. 

The x)ollen tube enters the embryo sac between the synergids (Fig. 40). Double 
fertilization takes place normally and immediately after the fertilization the 
synergids shrivel and degenerate. 


Enoosperm. 

The x)ninary endosperm nucleus, which lies in the centre of the embryo sac, 
divides much earlier than the fertilized egg. The first wall is transverse (Fig. 41) 
followed by a vertical wall in the microx>ylar and then the chalazal chamber (Fig. 42). 
Or, the divisions in the two primary chambers are synchronous (Fig. 43). Sometimes 
the vertical wall in the chalazal chamber is laid down at right angles to that in the 
micropylar chamber (Fig. 44). 

Transverse walls are next formed in each of these two tiers, first in the upper 
(Fig. 45) and then in the lower (Fig. 46). The result is an eight-celled endosperm 
made ux) of four tiers of two cells each. 

At the eight-celled stage of the endosx^erm, the two cells of the upx^cr tier form 
the microx)ylar haustorium, and those of the lower form the chalazal haustorium 
(Fig. 48). The two middle tiers by further divisions form the main body of the 
endosperm (Fig. 47), which later becomes packed with starch grains (Fig. 16). 

Each cell of the micropylar haustorium contains a x)rominent nucleus embedded 
in a dense mass of cytoplasm (Fig. 48). It now becomes lodged in a fairly large 
cavity formed in the microx^ylar region of the integument by the enormous micro- 
pylar growth of the embryo sac. It forms a number of processes penetrating between 
the cells of the integument at the microx>ylar region (Fig. 49, m, p). At the same 
time the two cells of the chalazal haustorium disorganize the parenchymatous 
tissue in the chalazal region of the ovule and finally reach the epidermal layer of the 
seed, where they become distended (Fig. 48) and develoi) lateral prolongations or 
protrusions (Figs. 50, 51) which grow in between the cells of the integument. 




Figs. 41-47. — Stages in development of endosperm and differentiation of the micropylar and 
chalazal haustoria. All. x679. 

Fig. 48. — ^The young micropylar and chalazal haustoria respectively, x 486. 

Fig. 49. — 2>cellod micropylar haustorium; processes (m.p.) from cells of the micropylar haus* 
torium pass into the integument. x291. 

Fig. 50. — Chalazal haustorium at an early stage; note development of the prolongation (p) from 
a cell of the chalazal haustorium. x485. 

Fig. 51. — 2-celled chalazal haustorium giving out the prolongations (p) which pass up into the 
integument. x 29 1 . 

Seed Coat. 

In the mature seed the cells of the outer epidermis and of the endothelium 
become filled with darkly staining material. Further, the eclls of the endothelium 
tmlarge prominently (Fig. IG) and assume an irregular outline. At the same time 
the middle layers of the integument are more or less completely crushed. 

Embbyo. 

The fertilized egg elongates to form a long tubular structure (Fig. 52) and 
divides by a transverse wall to form two cells ca and ch (Fig. 53), both of which 
divide by tians verse walls (Fig. 54) to form a filamentous proembryo of four cells 
Z, I'y m and ci. Cells V and ci divide transversely, eimer simfultaneously (Fig. 57) 
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or in succession (Fig. 66), producing ph, h, n and t?/ respectively. The cell I now 
divides vertically (Fig. 67) and has the major part mainly in the formation of the 
embryo. The remaining cells above I except ph, by further divisions, constitute the 
filamentous suspensor. 

The first division of I is followed by the laying down of another vertical wall 
at right angles to the former resulting in the quadrant stage (Figs. 58-61). The 
quadrants divide transversely resulting in the octant stage (Figs. 62-65). This is 
followed by further growth and cell divisions and the differentiation of the throe 
histogens, dermatogen, periblem and plerome (Figs. 66-75). 



Figs. 62-76, — Stages in development of embryo (ca = terminal cell of the 2-celled embryo; 
cb ~ basal cell of 2-c'elled embryo; m and ci — cells derived from the basal cell c6; I - 
lower daughter cell of ca; I' ^ upj)er daughter cell of ca; ph and h = daughter cells of 1'; 
o and p = daughter cells derived from m; n aixd n* daughter cells derived from ci; de ~ 
dermatogen; pe = periblem; pi = plerome). Figs. 62 to 68. x 600 each; Figs. 69 to 75. 
X 679 each. 

At about the time of the first vertical division in the terminal cell of the pro- 
embryo, h divides obliquely (Fig. 59) or vertically (Fig. 61) forming two cells which 
undergo transverse and vertical divisions so as to produce a small group of cells 
(Figs. 62-66). The cell m also sometimes divides producing two cells (Figs. 59, 62, 
64). As a result of these divisions, the middle portion of the suspensor presents a 
biseriate appearance (Figs. 62, 64). 

At about the quadrant stage of the embryo, ph (Fig. 60) divides by an oblique 
wall (Figs. 60-63) followed by another intersecting oblique wall at the octant stage 
(Figs. 64, 65) resulting in the formation of a three-celled hypophysis (Figs. 66-73). 
The outer two cells complete the dermatogen and get more or less merged in this 
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layer (Figs. 72-75), while the inner cell becomes embedded in the upper portion of 
the embryo (Figs. 69-73) whore it divides vertically (Figs. 74-75) and becomes a 
part of the plerome. 


Discussion. 

As is characteristic of Stylidiaceae, the flow^er of Levenhookia has a column 
with a nectary at its base. In Stylidium gratninifolium (Subramanyam, 1950) two 
prominent nectaries are present at the base of the column. Stalked multicellular 
glands are present on the parts of the flower in both genera. 

The ovary is unilocular with a number of ovules borne on a free central placenta. 
The ovules in the upper region of the placenta are ana-tropous but those below are 
hemitropous. This appears to bear some relation to the breadth of the locule which 
is greatest in the upper region but narrows towards the base. The tendency towards 
a unilocular condition in the members of this family is very significant since it points 
the way towards the unilocular ovary of the Compositae. Another interesting 
feature noticed in a longitudinal section of the ovar}^ of Levenhookia dubia is the 
presence of a rimmed }>rojection hanging from the base of the column into the 
locule of the ovary. 

The develojment and structure of the micros])orangium of Levenhookia closely 
resembles that of Stylidinm. In many anthers of the former the pollen grains w^ore 
found to have germinated in situ as in S. graminifoliuni (Subramanyam, 1950) and 
in some members of the closely allied family Lobeliaceae (Kausik and Subramanyam, 
1945; Subramanyam, 1949). 

The development of the embryo sac conforms to the Polygonum typo. The 
antipodals persist during the early stages of endosperm development. The lc)wer 
end of the embryo sacj grows past them as a very delicate proc^ess, penetrating into 
the chalaza as in S. grarninijolimn (Subramanyam, 1950). 

The endosperm is cellular and the course of divisions closely resembles that in 
Stylidium (Rosen, 1935, 1949; Subramanyam, 1950). At the eight-celled stage of 
the endosperm, the two upper and the two basal cells develop into the micropylar 
and chalazal haustoria res[)Octively. In later stages the microjjylar haustorium 
gives out lateral processes which grow in between the parenchymatous cells of the 
integument as in 8. grcmdni folium (Subramanyam, 1950). Such a tendency has also 
been seen in certain members of Orobanchacoae (Crete, 1942; Tiagi, 1950) and 
Plantaginaceae (Crete, 1942). The two-celled chalazal haustorium develops long 
tubular prolongations which grow in between the cells of the integument. In 
S. graminifoliiim (Subramanyam, 1950) the chalazal Ijaustorium is made uj) of two 
uninucleate cells and both form a number of ]>roceBses which grow in between the 
cells of the integument. In 8. adnatum. and 8. yrarnmi folium (Rosen, 1935, 1949), 
however, the chalazal haustorium is not so well developed. 

The development of the embryo corresponds broadly to the Solanad type of 
Johansen (1945). The penultimate cell forms the hypophysis. In 8. graminifolium 
(Subramanyam, 1950) the four terminal cells of the filamentous proembryo take 
part in the f ormation of the different regions of the embryo. 
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Summary. 

The flower has a column formed from the fused style and stamens. A structure projects 
vertically from the base of the column into the locule of the ovary and becomes thickened in 
the seed. Multicellular stalked glands of epidermal origin are present on the pedicel and on the 
surface of the floral parts excepting the column. 

The wall of the anther consists of three layers of cells external to the binucleate tapetum. 
The endothecium shows the usual fibrous thickenings. A stomiurn is present. The pollen 
grains are three*celled and frequently germinate in situ. 

The ovary is inferior and unilocular with a number of unitegmic ovules btinie on a basal 
globose free (fcntral placenta. The ovules at the toj) are anatropous but those at th(3 base are 
hemitropous. The innermost layer of the integument forms a prominent endothelivim. During 
post -fertilization stages the colls of the innermost layer of the ovary wall become elongated 
and lignified. 

There is usually a single archesporial (ioll which functions direcdly as the megaspore mother 
cell. Occasionally two or three archesporial cells are found. Megasporogencsis proceeds 
noimally and the embryo sac is of the Polygonum typo. The synergids are elongated, and 
show a filiform apparatus and the characteristic hook-like projections. The ai^tipodal colls 
are pointed at their lower ends and the embryo sac forms a small process which passes beyond 
them into the chalaza. Double firtilization has been observed. 

The endosperm is cellular and follows the Scutellaria type of Schnarf (1931). The micro- 
pylar haustorium is two -col led and forms a number of processes penetrating between the cells 
of the integument at the micropylar region. The two-cellcd (halazal haustoriTim develojis long 
tubidar prolongations which reach down to the outer epidermis of the seed coat and then grow 
up in between the cells of the integument. 

The develoxanent of the embryo has been described in detail. Broadly^ it follows the 
Solanad type of Johansen (1945). The terminal cell of the filamentous proembryo gives rise 
to the main body of the embryo. The penultimate cell is the hypojJiysis. 
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Summary. 


Nonlinear differential equations are being commonly used to express various physical 
phenomena. Systematic methods of solving such equations hav’^e been developed in recent years 
and they are being applied to problems in physics and engineering. The latest application of 
nonlinear analysis to vacuum tube circuits lias been examined and its limitations discussed. 


Nonlinear differential equations are a common phenomenon in the solution of 
many problems in modern physics and ©nginooring. In the past several years an 
elaborate method of solving many such equations has been developed both by 
physicists and mathematicians, and this mathematical tool has becni used extensively 
in the treatment of problems in mechanics, sound and esjiecially electrical engineering. 
vSinco the (current -voltage relationships in vacuum tubes are nonlinear, an exact 
analysis of circuits which include vacuum tubes would have to depend on the use 
of nonlinear differential equations. 

One example of the nonlinear differential equation is the famous van der Pol 
equation for relaxation oscillations: 

( 1 ) 

Tho nonlinearity of this equation consists in the fact that the coefficient of x' depends 
on tho value of x itself, and if fx is positive it is clear that this coefficient, which also 
represents damping in tho circuit, will change in sign as x increases from zero to a 
value greater than one. 

Analytic methods of treatment exist for such equations as the van dor PoTs, 
in the case in which ^ is small. Attempts have been made to extend these methods 
to cases in wliich ^ is largo (Minorski, 1947), and indeed to more general equations 
of the type 

x''-^f(x,x')x'+g(x)—0 ( 2 ) 

with certain limitations on the functions / and g (Levinson, 1942; Shohat, 1944). 
However for largo fx there is as yet no complete analytic theory comparable to the 
one that exists for small values of fx. 

Since cases with /x^l are common in unstable circuits (and in many other 
problems in mechanics), the above-mentioned difficulties led the Soviet physicists 
L. Mandelstam and N. Papalexi (1935) to develop another approach to this problem 
(refer to Minorsk, 1947 and Kxyloff, 1943). Tliis is the so-called Discontinuous 
Theory of Relaxation Oscillations, and it has already proved very useful in many 
branches of physics. 


♦ A part of this work was done by tho author as contract research for Princeton University, 
U.S.A., and the guidance of Prof. W. H. Surber is gratefully acknowledged. The author wishes 
to thank Prof. P. S. Gill for valuable advice and suggestions in furthering the work. 
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The Discontinuous Theory of Relaxation Oscillations. 

The name of this theory signifies the use of mathematical discontinuities to 
describe rapidly changing dynamical processes during certain time intervals. This 
mathematical concojjt of dis(u)ntinuities has been used in the classical theory of 
mechanical impacts where, in the hitinitesimally small duration of the impact the 
dynamics of the process is ignored and the pro- and after-impact conditions are 
correlated on the basis of such general })rinciplo8 as the conservation of energy or 
momentum. The method makes it possible to understand correctly the overall 
effect of the impact, although it precludes a study of the process of the impact 
itself. The discontinuous theory of relaxation oscillations is based on a similar 
principle and in order to grasp the phenomenon in the large certain local details are 
necessarily sacrificed. 

In this method relaxation oscillations arc defined as those * quasi-discontinuous 
oscillations in wliich the rapid changes between certain levels of a physical quantity 
occur as the result of the loss of a certain internal equilibrium in the system*. Since 
a rapidly changing ju'ocess is being rejjresented by an idealization, namely a 
matliematical discontinuity, it is obvious that the result will bo more realistic if the 
change is more rapid. To approximate tliis condition in ordinary circuits one may 
neglect small oscillatory parameters and thereby conveniently reduce the order of 
the differential equations involved. 

The circuit of Fig. 1 may be considered. Assuming that the left-hand branch 
has no parasitic capacitance and that the right-hand branch has no parasitic 


i .e- a _ ic 



inductance and also that the switch S operates instantaneously, the following 
equations can be written: 


li 

+ 




• . (3) 

at 

. • 

. . 

. . 

.. (4) 


If the voltage across ah is supposed to have been zero before the instant of switching 
Iq and equal to a constant E after Iq, the solutions of the above differential equations 
are : 

= ( 5 ) 


4U 
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which give 


di E -RtlL ^ E -tIrC 

Jt~L^ 


(«) 


It is seen that for ^ = 0, the solutions i{t) and v{t) are continuous but that their 

derivatives experience discontinuous jumps. It may bo emphasized that — and ^ 

cLt at 

are represented to have discontinuities only because (1) the time interval during 
whidi rapid changes occur is considered to bo inhnitoly short, and (2) the parasitic 
parameters are neglected making it possible to deal with degenerate equations of the 
first order instead of the full equations of the second order. 

With particular reference to degeneration of a second order differential equation 

ax" -\-hx' -\-cx = 0 . . . . . . . . (7) 


it may be said that on comparison of its solutions (1) when a is small, and (2) when 
a = 0, it is found that although one solution uniformly converges into the other 
as the derivatives similarly converge only for values of t not in the neighbour- 

hood of ^ = 0. In other words near 1 = 0 the derivatives of the two solutions do 
not match. It is recognized, therefore, that as a result of certain idealizations, like 
assuming a = 0, or c = 0 in the differential equation, discontinuities appear in the 
mathematical treatment of physical phenomena undergoing rax)id changes at certain 
points of their cycles. In view of the above followi ng delinition and basic assumption 
play a very imj^ortant role in the discontinuous theory of relaxation oscillations. 

Definition ; Critical points are the points at which the differential equation 
describing a i)honomenon in a certain domain ceases to describe it. 

Basic Assumption: If the i)honomenon is rei^resented by a curve on a particular 
plane (like the plane of x and x\ or the plane of currents at two different points in 
the circuit) and if a knais of critical x)oints is also drawn on the same x)lane, then 
whenever the representative x^oint folk)wing the curve of the differential equation 
describing the x>henomenon reaches a critical x>oint a discontinuity occurs in the 
variable of the system. 

To illustrate the moaning sux)poso the S 3 ^stem is described by the differential 
equations 


_ P{x, y) 
R{x, y) 


and y* 


QM, y ) 

mr, y) 


( 8 ) 


If {xo, 2/c) is ^ point such that yc) = 0 then the differential equations become 

meaningless at that x'>oint. Obviously, then E{xcy yc) == 0 represents the locus of 
the critical points in tliis xi^i-rtacular case. The curve roxuesenting the differential 
equation itself may be found by eliminating time variations from the above equations. 
That is, 

^ __ y ) (as 

dx ““ P(x, y) ^ ^ 


represents such a curve or trajectory. 

Mandelstam proposed further the application of the x>rincix>le of conservation of 
energy to govern the nature of the ‘jump’ at the discontinuity. This assumption is 
physically true since it amounts to assuming continuity of' current through an 
inductance or of voltage across a capacitance in electrical circuits. 

With this x>reliminary discussion a study of the multivibrator of Abraham and 
Bloch (1927) is presented to illustrate the application of the discontinuous tlieory to 
relaxation oscillations. This example is taken from N. IVIinorski’s interpretation of 
the original by A. Andronov and S. Chaikon. It has only been changed in so far 
as the plate cmTents of the tubes are considered functions of both the grid and 
plate voltages, instead of functions of just the grid voltage, as has apxwently boon 
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assumed by Andronov and Cliaiken. Further, the analysis applies when the grid 
voltage of neither of the tubes is at or above zero volts. 

With reference to Fig. 2 the following equations can he written : 



Rl1\ = E ; J i^dt = E 

== ^p) = ^{RgHi E—IiRi) 

/a2 = 0{RgH, E-I^Rl) 

From the equation for the tube currents 

d/«i ^ d /2 do dJi do 

dt ^ dt • d{Rgi2) ^ dt • d{E-i^RL) 

and 

<11 aZ _ r. 

dt ~ ^ dt • d(Rgii) ^ dt ■ d(E-l2ltL) 

The following notation may now be introduced * : 

de _ a/.i de _ 

d(E,H) ~ d(e,i) “ ■’ d(R,H) 

de a/,1 _ 1 . de 

d(E-hRL)~ d{e^)~ r^i ’ d{E-hRL) 

The rate of change of tube currents may be expressed: 

dt " dt Vpi ' dt 

p ^ Rj[^ ^^2 

dt dt r^z' df 


( 10 ) 


.. ( 11 ) 
(12) 


•• (13) 
•• (14) 


♦ It is to he noted that these partial derivatives correspond to the tube transconductances 
and plate resistances and are functions of tho grid and plate voltages of the tubes. 
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If /i and /g replaced by /ai+H and Ia 2 ,+H respectively then 


* j. Uml ^ 


Bl dii 


diy^ Bl di^ 

dt r„2 • dt 

1+r^ 


jdelding finally the circuit equations: 


(sl+K,- 


L -hBf. — 


1 -{-Bijr^y^} 


From the above, by algebraic reduction the followmg equation is obtained : 


[Bl+B, 


\ ii BlB/Ui iz 1 


(l+-^LAVi)(i -hBilrj 


tA 


^/r^o \ ?*] h 

TT, “ T 


' ('c I -hJitlfpi ^'c 




Note , — Equations (17) and (18) have tlieir counterparts in terms oi di^jdt. 

From equation (18) and its counterpart, the equation for the trajectories in the 
plane of and ig is found, 

di^-Q 

The methods of nonUnear mechanics can bo apph’od to this equation with the results 
mentioned below: 

(1) The point = tg = 0 is a singular point because the function diildi^ 
becomes indeterminate at this point. 

(2) The nature of this singularity may be investigated by noticing that 


BL-\-Bg 


1 +BL/r 


is always positive, and that near = 0, the expression -f-i?£//pi) may be 

replaced by a constant ki, and (^',^ 2/(1 another constant ^^ 2 , thus making 

it possible to write : 


. . ( 20 ) 


d?. j 

1 /?, 4- 7? — 


l!i_ 

ki . 

dt 


i +RAfil 

' M 

■ M *• 

1! 


1 

|!l_ 
' M 

B^Bgko . 
M ^ 


.. ( 21 ) 
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where 

M 


Co 




Ri?lr,i \ ( 




^ + BLlrJj 


9^0, 


The characteristic equation of this system then becomes 


A2^ 


2Bl+2B, 




Bl^I't,.^ \ A 1 
I+BlIt^Jm C^M 


(22) 


The nature of the roots of this equation obviously depends on the sign of M. 
When M is negative, the origin is a stable point, and hence this condition is not of 
interest for relaxation oscillations. When M is positive, then both the roots of (22) 
are real and bear o])posito signs, signifying that the point t'l = io = 0 is unstable. 
It is further to be noted that as and increase (one positively and the other 
negatively) the factor k involved in the expression for Tlf, changes. This f change 
will make one of the s decrease to zero, making M negative and allowing the circuit 
to relax. 

(3) According to the theorem of I. Bendixson the system can possess no closed 
amdytic trajectories if the expression 


^dQ 


referring to the diffcf ential equation {18) and its counterpart does not change sign 
in a certain domain of and io. The sum of the two partial derivatives in the 
present case will be 


(2RL+2Rg - 


1 


Birlrjj2 \ 

l'^BL/rp2/ 


ICc 


which is ])(wmanontly positive. No closed trajectories are, therefore, £)ossible. 
(4) The equation for the criti(;al £)oints is the following: — 


BrNh^^k,l^'2-(BL+B, 


\( 

\^BurJ\ 




JbllSv^ 

1 -^BjIKj^^) 


= 0 


(23) 


This is roughly sketclied in Fig. 3, and as explained before the trajectories given by 
(10) will appr()a.ch this locus of the criti(^al points. When the representative point 
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moving along a trajectory will reach, this locus, it will bo shifted instantaneously 
to some other point from where a now trajectory will be followed. Thus to each 
point {iic, He) on the locus of the critical points there will bo a corresponding point 
{^\cy ^\c) such that a new trajectory will start from the latter point. By application 
of the Mandelstam conditions on the voltage across the condensers, that is by 
equating voltages at (i^cy Hi) (i\cy ^'-ic)y the form of the locus of the points 
from wliich the trajectories start can be found. This is also shown in Fig. 3. A 
trajectory starting at the point A will reach b which is a critical point; a jump hB 
will then take place with a new trajectory. Be starting from B. From c the repre- 
sentative point will jump to C and a now trajectory will start from there. Ultimately 
the system will roach a steady state trajectory shown in full lines in Fig. 3. 

Discussion of the Discontinuous Theory. 

This theory is very effective as long as the assumptions made closely describe 
the conditions in a parti(‘ular system. But like all other theories the reliability of 
the results obtained with the helj) of this theory is directly ])roportionfd to the 
reahty exj)ressed in the assumptions. In the multivibrator operation the time 
taken for one tube to switch on and for the other to switch off is really negligible 
when the repetition rate (or the frequency) is snmll, there is no appreciable effect 
caused by the inductance in the circuit, and the treatment outlined above very 
nearly describes the functioning of the emeuit. However, if interest is centered on 
higher frequencies, the time of switch-over assumes greater im})ortance relative to 
the period between two switch-overs, and the Discontinuous Theory, by its very 
nature has no information to give on this p>henomenon. 

At higher frequencies the shunting and intereloctrode capacitances, as is well 
known, become quite important, and when they have to be taken into account the 
Bendixson criterion, which is only a negative criterion, breaks dowui. It is evident, 
therefore, that wdien the shunting c^ipacitance C is })resent even the information 
previously given by the discontinuous treatment (not to say of the information 
precluded by the method) becomes seriously limited. If the above fact is taken in 
conjunction with the possibility of the presence of otlier parasitic inductances and 
capacitances, it becomes quite evident thiit the Discontinuous Theory, in spite of its 
mathematical soundness, becomes a rather complicated tool at the higher frequencies 
so common in present j)hysics and engineering practice. 

In spite of the many doveloi)ments in the nonlinear method it appoiirs that in 
order to study circTiit behaviour at high frequencies so as to have some quantitative 
information on transient and fast phenomena, one has to look for some other means 
of analysis. In doing this some approximations are bound to be made but as long 
as the task of analysing the circuit is simplified w ithout spoiling the validity of the 
results for practical application, such approximations can be acceptable. For 
example, if the operational range of the currents and voltages in the tube is very 
small it is quite possible f o approximate the nonlinear characteristic by a straight 
line within that range. This limitation simplifies the ana-lysis considerably and 
makes it possible to wiite circuit equations in a linear form which then can be solved 
by well-knowm methods. 
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1 . Introduction. 

The vacuum graphite furnace constructed by Saha and Tandon (1936) has been 
used till now in studying the Lattice energies of alkali halides and electron affinities 
of halogens (Saha and Tandon 1937, Tandon 1937a, 19376, Srivastava 1938, 1939), 
the thermal ionisation of Ba, Sr, (Srivastava 1940a, 19496) Na and K (Bhatnagar 
1943), Li (Srivastava and Bhatnagar 1946), Ca and A1 (Bhatnagar 1947a, 19476). 
The thermionic work function of gra])hito (Bhatnagar 1944), molybdenum and iron 
(Mathurf) and the effect of space charge on electronic currents (Srivastava and 
Bhatnagar 1944) have also been studied with the help of the furnace. 

The method consisted essentially in vaporizing the substance in an auxiliary 
furnace and then bringing the vapour to an electrically heated graphite furnace of 
much higher temperature where the molecules suffer thermal dissociation into atoms 
and ions. The products of dissociation effuse out through an orifice and are collected 
by a Faraday (cylinder, the current being measured by a sensitive galvanometer. 
The currents due to positive and negative ions are sepand ely measured by applying 
a suitable negative or positive accelerating potential to the Faraday cylinder. 

The first attempt to distinguish between the cairrent due to negative ions and 
electrons was made by Srivastava (1938) by inserting an electromagnet in such a 
position that the magnetic field was ])erpendicular to the effusing ion beam. On 
apj)lying the magnetic field the electrons were completely deflected off and the 
negative ion current alone could be measured. 

The method was successful in eliminating only the electrons from the ion beam 
because the mass of the electrons is about 2,000 times less. There may be present 
in the beam many ty[;)es of ions of like charge but not differing so much in mass, 
as is the case with the ions of various elements, and these could not be separated 
by this method. Further the masses of the ions could not be determined. A 
method was later developed from the space charge theory by Srivastava and 
Bhatnagar (1944a, 19446) and Srivastava (1946), for finding the masses of these ions 
in case of unipolar unicomponent beams, but this is not applicable to a bipolar 
or bicomponent mixture (Srivastava and Bhatnagar 1946). Further multiply 
charged ions would create a difficulty of their own. It is clear therefore that for an 
accurate quantitative analysis of the different types of ions in the effusing beam we 
require some sort of mass spectrometer arrangement which should collect all particles 
of the same mass at one place, so that these can be measured separately from others. 

With this end in view the apparatus described in this paper has been designed, 

2. Principles of Mass Spectrograph design. 

Since the time of Aston’s first mass spectrograph various types of mass spectro- 
graphs and spectrometers have been designed with a view to obtain high dispersion, 


* Now in Lucknow University. f Not yet published. 
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high resolution and sharp focussing. In the earlier mass spectrographs the beam 
of mass rays was made homogeneous in some respect before the focussing device was 
applied. In Dempster’s first apparatus (1918) an ion beam of constant energy was 
deflected and focussed geometrically in a uniform magnetic field. In the 
Bainbridge spectrograph (1930) and that of Smythe and Mattauch (1926, 1932) a 
particular velocity is selected by a velocity selector and then deflected and focussed 
geometrically in the first case by a uniform magnetic field and in the second by a 
radial electric field. 

In all the foregoing apparatus a very sharp focus could not be obtained unless 
the incident beam was carefully collimated to a perfect linear beam. In actual 
experiments, however, the beam is somewhat divergent and therefore for a proper 
design of modern high power mass spectrograph it was essential to investigate the 
conditions of double focussing. This was completely worked out theoretically by 
Hertzog, and Mattauch and Ileilzog (1934) for all arrangements of a radial electric 
field and a homogeneous magnetic field for producing both direction and velocity 
focussing. The double focussing mass spectrographs of Bainbridge and Jordon 
(1936), of Mattauch (1936) and of Jordon (1940) were constructed fully satisfying 
the foregoing conditions of double focussing. The double focussing mass spectro- 
graph of Dempster (1935), however, does not fully satisfy these conditions of double 
Ibcussing. The incident beam employed in all these spectrographs is either of 
constant energy or of constant velocity. 

3. Mass Spectrometers already used for investigating ions. 

Several invest igators such as Smith (1925), Lawrence (1926), Barton (1927), 
Hamwell (1927), Hogness and Ilarkiiess (1928) have used mass spectrometer of the 
180° magnetic focussing type for inv€‘stigating ions of such substances which exist 
in the gaseous state or arc easily volatilized. The substances studied were hydrogen, 
iodine, HCl, and tlie rare gases, and ions were produced by bombarding molecules 
of these substances by accelerated electrons obtained from heated filaments. The 
method suffers from several limitations. Firstly, it is very difficult to isolate ions 
of unifoTin velocity from the collision space as they will be produced at different 
places in the chamber and are mixed Avith electrons. Secondly, only gases and 
va])ours (^ould be studied by this method. Thirdly, the method can only indicate 
the existence of the various types of ions; the so-called relative abundances obs(;rved 
are of no use in giving us ajiy further inlormation about the quantitative as])ects of 
the relictions involvanl since the transition ])robabilities, the precise conditions of 
rea.ction, etc., are not fully known or determinable. 

We have therefore tried to devise a mass spectrometer which should be capable 
of studying ions of all substances and be theref ore of universal applicabilit y. Further 
wo produce the ions under conditions fully amenable to theoretical treatment. In 
practice the ions were produced under conditions of perfect thermodynamical equi- 
librium by heating the vapour inside a graphite furnace under black body conditions. 

4. Theory of the magnetic refocussing used in our mass spectrometer. 

The refocussing property of magnetic fields has been discussed by W. E. Stephens 
(1934). A particular case of this is the 60° magnetic focussing used in our mass 
spectrometer. 

Suppose a uniform magnetic field of intensity 71 in a direction perpendicular 
to the paper, is limited by boundaries OPQ and OWV (Fig. 1), which make angles 
0 and y respectively with the normal to the line AO. Inside the region QPOWV 
the electron paths ^1 be arcs of circle. 

Suppose a homogeneous beam of particles of velocity v enters through a slit A 
and falls perpendicularly on OPQ at P. If the intensity H of the magnetic field is 
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such that it bends the beam in an arc of a circle whose radius of curvature U 
— a sin 6 -= OP = OW , then the centre of curvature of the arc will be 0 and the 
beam loaves at W pe.rpondicular to Olf F meeting the line AO [)roduced at B, The 
required intensity of the field is given by 7/ = Relnivc. Slightly divergent beams 
such as AQV and AQ*V' having the same velocity v but making angle ± a with AP 
will cross very close to B. It is clear that best refocussing is obtained at a T)oint 
B such that 


0i? = 


a sin B 
sin y 


The si)reading S and dispersion D vX B are given by 
q _ sin2^ sin2y”j ^ 

2 Lsin y sin 9 J 


When 0 = y, 


D=:a 


sin 6 A 
siny 


(sin ^+sui y). 


S = aoL^ sin 0, 


and 


D = 2a sin B , 

i: 

a = h. 


Considering the space available to us inside the evacuated space and certain other 
limitations we decided to construct a Dempster type of mass sj)ectromoter in which 
ions of constant energy are incident. Instead of double focussing, a simple 60° 
magnetics refocussing as used by Nier (1940) has been emj)loyed. We have found 
B ~ 30^^ and a h 3 cm. as convenient for our design. The radius of curvature 
R 1-73 cm. The geometry of the focussing is illustrated in Fig. 2. 


Fio. 2. 


a' 



^ = y = 

ft — 6 3 cm. 

i? = 1-73 cm. 
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The general arrangement of the assembly is shown in Fig. 3. The positions of 
the graphite tube Q, slit C, magnetic field M and Faraday cylinder Fi, F 2 are indicated 
in the figure. 



5. Design of the mass spectrometer. 

The apparatus consists of four parts: — 

(i) Ion source. 

(ii) Accelerating slit. 

(iii) Magnetic field. 

(iv) Collector. 

(i) Ion Source , — This is a graphite tube O which is heated by passing a current 
of about a thousand amperes from a low tension transformer. The graphite tube is 
mounted on copper electrodes which carry the heating current and which are 
themselves attached to water-cooled brass tubes leading outside the evacuated 
chamber through electrically insulated and vacuum-tight junctions for the purpose 
of electrical connection. The experimental details of this arrangement, as well 
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as the enclosing drum and the connections to the pumps were exactly the same 
as described by Saha and Tandon (1936). This graphite tube, which we call 
the main furnace, has a side-tube T of graphite or iron attached to it, which was 
heated by thermal conduction as in the experiments of Srivastava (1940). This 
side-furnace contained the substance under investigation in the solid or liquid state 
and the vapour of this substance on entering the main furnace suffers thermal 
dissociation into atoms, ions and electrons. The products of dissociation effuse 
out of a narrow orifice of diameter 2 0 mm. producing a composite ion beam con- 
sisting of particles of all velocities obeying Maxwell’s distribution law. 

(ii) Accelerating slit , — For producing ions of constant energy out of this non- 
homogeneous beam it is necessary to accelerate these ions by applying a high potential. 
Since the thermal velocities are of the order of 0-5 volt, an accelerating voltage of 
about 30 volts is sufficient to produce a homogeneous beam. This voltage is apj>lied 
to the slit C with respect to the graphite tube which is earthed. The slit (7, whic h 
also acts as the defining slit, has to be properly mounted, aligned and insulated. 
The method of support is illustrated in Fig. 4. The L-shaped iron plate P is fixed 
to the slotted copper plate supporting the graphite blocks. To the vortical arm 
of P is attached another iron plate Q which is tightened by two screws x and //, 
and another iron plate 11 containing the defining slit (which is in the form of a 
circular hole of 3-0 mm. diameter), is supported in between these two plates, but is 



carefully insulated from the latter by mica sheets on either side of it. Suitable 
arrangements are provided for adjusting the distance from the ion source, the height 
and alignment of the sUt. 

(iii) Magnetic field . — The design and construction of a suitable electromagnet 
is a major problem in these investigations. For success in these expeiiments it is 
essential that the magnetic core should be of such ferromagnetic material which 
possesses high permeability and low retentivity (stnall hysteresis loop). The only 
material available to us satisfying these criteria were transformer stampings. A 
large number of such U-shaped stampings were rivetted together and two light 
brass spools, each having 1,000 turns of No. 21 S.W.G. enamel wire, were mounted 
on either arm of the stamping. The ends of each winding were brought out separately 
so that the two spools may be connected either in series or in parf^llels. Mica has 
been used after every second layer of winding to further improve the insulation. 

As already explained the pole-pieces should be so designed as to produce a 
homogeneous, wedge-shaped magnetic field, the angle between the faces of the wedge 
being 60°. Further the fringing effect of the magnetic field had to be taken into 
account to determine the actual extent of the magnetic field in order to locate 
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correctly the position of the collector. Pole-pieces were made out of an electro- 
magnetic specimen of soft iron and were in the form of a trapezoid of 5*3 cm. in 
thickness, the four sides measuring 2-5, 2*3, 0*5, 2*3 cm. respectively. Slots in the 
pole-pieces made it possible to vary the air gap from 0*5 cm. to 1*5 cm. The two 
cross-sectional views of the elec^tromagnet are shown in Fig. 5. 



Merticdl seefion 


Fio. 5. 



Side view 


The mounting of the electromagnet is shown in Fig. 6. An iron rod A has 
been clamped to one of the electrodes E by moans of a clamp C, The iron rod is 
insulated from the electrode by placing mica between the clip and electrode. To 



this rod is fixed by means of a screw S a vertical brass support. j5 which carries at 
its other end a screw and slot arrangement for attaching to it a curved brass strip 
P. The other end of this stiip is fixed to the arm of the electromagnet. 
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The whole arrangement is quite rigid and possesses the advantage of allowing 
all x)Ossible adjustments of electromagnet. The various possible adjustments are 
indicated by the arrows. 

(iv) Collector . — There are two Faraday cylinders Fi, Fo, (Fig. 3) to collect 
the beam of ions, one for the direct, and the other for the deflected beam. They 
are made of brass and mounted on a L-shaped iron plate L (Fig. 7), but insulated 
from tlie latter by means of quartz tubes. The iron plate itself is c]a,m])ed to a 
horizontal copper plate fixed to one of the brass electrodes. Tlie iron plate carrying 
the Faraday cylinder and the supporting copper jdate, both are slotted but in 
perpendicular directions, and hence the Faraday cylinder (‘an be acijusted and 



fixed in any desired position and direction. For preventing stray ions from reaching 
the Faraday cylinder, a small wide quartz tube O is mounted over the latter, and a 
cap C made of brass with a hole in the centre is fitted on this quartz tube. 

Seven connecting leads have been brought out of the evacuated chamber as 
follows: Two for the two Faraday cylinders, two for the electromagnet, two for 
the thermo-couj)lo (which is Pt,Pt-]lh couple) for measuring the temj)erature of the 
side-furnacjo, and one for the ])otential on the accelerating slit. The slit and the two 
caps of the Faraday cylinder were connected together so that the ions may travel in 
field-free space. The temperature of the main furnace is measured by a Leeds 
and Northrup’s disappearing filament pyrometer. 

The whole chamber is evacuated by means of two four-stage mercury diffusion 
pumps in parallel with a speedy-vac backing pumj) andTs properly cooled by a water 
jacket. Pressure up to mm. of mercury can be reached within an hour of 

starting the pumps. 

The adjustment and working of the apparatus will bo described in a later paper 
along with the results obtained. 

We record with pleasure our thanks to the Government of the United Provinces 
for the award of a research grant of R8.2,30() annually which enabled the award of 
a research scholarship to one of us (V.N.S.). 


Summary. 

In this paper, the design and construction of a new combined vacuum graphite fiirnaco and 
mass spectrometer has been fully described and its advantages over other mass spectrometers 
discussed. It is very convenient to handle and is of universal applicability sirao it can be used 
to produce with ease ions of all substances and of all types under black-body conditions and all 
these ions can be separately collected and measured. The apparatus is likely to prove of great 
utility in a variety of measuremouts with negative and positive ions. 
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ADAPTIVE MODIFICATIONS IN A HILL-STKEAM CATFISH, 
QLYPTOTHORAX TELCHITTA (HAMILTON). 

By Bimla Bhatia, M.Sc., Zoological Laboratories, University of Delhi. 

(Communicated by Dr. S. L. Hora, F.N.l.) 

{Received February 2 ; read March 3, 1950.) 

Since 1920, in a large series of papers, Dr. Hora has tlirown considerable light on 
the ecology, bionomics and evolution of torrential fishes, with special reference to 
the adaptive modifications undergone by them in response to a rocky substratum 
and swift currents. Structural modifications of different organs in various t-yjjes of 
hill-stream fishes have been dealt with by a number of other workers but, so lar as 
I am aware, no single species of fish has been studied exhaustively. I>r. Hora, 
therefore, suggested to me the problem of investigating a small catfish, Glyptothorax 
telchitta (Hamilton), and placed some well-preserved material at my dis})Osal for study. 
During the progress of work I had occasions to discuss my results with Dr. Hora. 
His knowledge of the habits and habitats of the species has been of great value in 
understanding the functional morphology of the modifications noticed. 

Glyptothorax telchitta was described by Hamilton in 1822, but its pitnuse syste- 
matic position has been recently elucidated by Hora and Menon in an article to be 
published in the Records of the Indian Museum. The fish belongs to the order 
Siluroidea and the family Sisoridae. It is moderately specialized for life in swift 
currents and is usually found in small, shallow^ pebbly channels with water flowing 
at the rate of 6 to 8 feet per second. The general body -form is torpedo-shaped, 
thus permitting water to flow over it without forming eddies at the posterior end. 

The material for this investigation was obtained by Dr. Hora from the Riband 
river, near the Pipri Dam Site, in the Mirza^iore District, U.P. The fish were fixed 
in alcoholic Bouins fluid and, after treatment in 70% alcohol, preserved in rectified 
spirit. Free hand sections, dissections and 5 to Sp thick microtome sections stained 
with Haematoxylin, Eosin and Iron Haematoxylin Avere j)repared in carrying out 
these investigations. 

I wish to express my deep gratitude to Dr. H. L. Hora for suggesting the problem, 
giving the material and for watching the progress of work. The work was done 
under the supervision of Dr. M. L. Bhatia, Zoological Laboratory, University of 
Delhi, and my sincere thanks are due to him for constant advice and help. I am 
also thankful to the University authorities for affording me facilities for carrying 
out these investigations. 

It is proposed to deal with the subject in a series of articles, the first dealing 
with adhesive organs is presented here. 


Part /. Epidbrmajl Adhesive Organs. 

Our knowledge of adhesive organs is based chiefly on tlie w^ork of Hora (1922) 
who gave an account of these organs in a number of fishes and inter alia desalt w ith 
those of Glyptothorax (= Olyptostermun) also. He gave ceitain histological details 
but his material was not specially preserved for such studies. Wu and Liu (1940) 
seemed to have overlooked Hora’s work and described the structure of the adhesive 
organs of a Chinese^ species of Glyptothorax. 
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A satisfactory account of the structure of adhesive organs is not available in 
literature, and besides this ther e are details in the general make up and in the his- 
tological structure of the adhesive organ whi(d) still need elucidation. 

This paper, in addition to giving accurate histological details of the parts 
modified as adhesive organs, gives also the way different structures are formed, as 
also the manner in which they function. 

The adhesive organs ol’ 0. telchitta (Text-fig. 1 ) are associated with the following 
structures: — 



TexT-Fia. 1 . — Glyptolhorax telcMUa (Hamilton). Voutral view of anterior portion of head 
and body. 

a.p., adhesive pad; b.r., brauchiostegial region; i., isthmus; i,md.y inii,or mandibular barbel; 
m., mouth; tnax.b.y maxillary barbel; m.c., mouth channel; o.wd.y outer mandibular barbel; 
p.f.y pectoral fin; pd.y posterior lip; r.h., rostral hood. 

(i) The Rostral Hood (Text-figs. 1, rJi. and 2a, 25) or the region in front of 

the mouth and covering the anterior lip. 

(ii) The Posterior Lip (Text-figs. 1, p.l, and 3a, 36) or the region behind the 

mouth. 

(iii) Maxillary barbels (Text-figs. 1 , max.b. and 5). 

5B 



CATFISH, GLYPTOTHORAX TELCHITTA (HAMILTON) 


273 


(iv) The Region of the Branchiostegial Rays (Text -figs. 1, and h.r. and 6). 

(v) The Thoracic Adhesive Apparatus (Text-figs. 1, a,p, and 7, 8). 

In the following account, the structure of the various regions is considered 
separately. 

(i) The Rostral hood (Text-figs. 1 and 2a, 2h). 



Text -FIG. 2. — Olyptothorax telchitta (Hamilton). Structure of the rostral hood. 

a. Flat mount of a small portion of the rostral hood showing polygonal papillae; 6. Section 
through rostral hood papillae. 

c., cuticle; c.e., columnar epithelial cells; c.m., circular muscle layer; d., dermis; ep., epidermis; 
furrow; n./., nerve fibre; o.r., openings of receptors; p.p., polygonal papillae; r.cA., chemo- 
receptor; r.d., developing receptor; r.t.f tango -receptor ; 8,h,^ sensory hair. 
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Wit li the shifting of the mouth to the ventral surface, some distance behind the 
snout, the rostral skin is also carried over to the ventral surface to such an extent 
as to cover and to mask the anterior lip. This region assumes the appearance of a 
smaJl ])ad-like structure in front of the mouth. Under a magnifying lens, the 
integument here looks profusely papillated and appears to subserve an adhesive 
function. A lightly stained flat mount of the peeling of this region shows under the 
microscope a polygonal pattern, (Text-flg. 2a), each polygonal area representing a 
papilla. On the summit of each papilla is seen a group of 5 to 20 minute circular 
apei tures which, as seen in a section of the papillae, are the external openings of as 
many receptor organs. 

In a section (Text -fig. 2b), each papilla is a more or less conical elevation formed 
both by the dermis and epidermis. The epidermal layer consists of closely packed 
s})indle-shaped ciolumnar epithelial cells. The entire papilla forms a conical pro- 
jection on which, as already stated, open 6 to 20 receptors. Text-fig. 2ft is of a 
section j)as8ing through two papillae showing three complete and two developing 
receptors. Eacli epidermal cell consists of finely granular cytoplasm and has a 
(icntrally placed oval nucleus. 

A rece})tor (jonsists of a grouj) of 10 to 15 long slender cells, placed within a 
flask-shaped (;avity. The cytoplasm of the receptor- cells is uniformly granular 
and a small oval nucleus is placed in the centre of each cell. Each receptor- cell 
bears fine hair-liko processes at its free outer end. The receptors receive their 
nerve suj)])ly at the base, and from their general shape and from the manner of their 
taking stain, it has been possible to recognize two types of receptors in each grouj) 
on a papilla, which are presumably Tango-receptors (flask-shaped) and ('hemo- 
receptors (spherical), performing taste and olfactory functions lespectively. 

The receptors are modified epidermal cells, and within the series of sections one 
invariably comes across receptors in the process of formation. In some well stained, 
pro})erly dilferentiated sections, it has been possible to see epidermal cells in active 
state of division, and various developing stages of these receptors. The ej)idormal 
cells destined to form receptors, group together, sink deep within the epidermis, 
and come to lie within a space, before they project out, and start functioning. 


(ii) The Posterior Lip (Text-figs. 1 and 3a, 3ft). 

The region immediately behind the mouth may be called the posterior lip. From 
the posit ion of tlie mouth, as also of the two lips, it is more appropriate to call these 
anterior and posterior instead of upper and lower lips. There is a distinctly marked 
region behind the mouth which is papillated. The epidermis resembles that of the 
rostral hood and is highly papillated, only the papillae are longish and considerably 
extensive. They are in the form of long ridges, more well-defined and elevated 
than those described in the case of the rostral hood. This region appears to bo 
(;arrying a greater strain than the rostral hood and oblong nature of paj)illae appears 
to have secondarily developed as a result of fusion of number of polygonal papillae. 
In between the long ridges, one notices polygonal papillae of the type seen on the 
rostral liood, and at some places, 2, 3 or even 4 polygonal papillae combining together 
to form a long ridge. The summit of each ridge is flat, on which open a large number 
of iT.ce[>tors, similar to those described in the case of the rostral region. The ridges 
are well-defined and have steep edge^. The histological details of each papilla, and 
the receptors on these papillae are similar to those found in the rostral region. 

The integument behind the posterior lip is not papillated, though it exhibits 
polygonal pattern, each polygon bearing a group of 4 to 5 receptors. The structures 
which remained obscure to Ramsay Wright (1884) in the integument of Amiuris 
cairn, and which later in Oarra and Olyptosternum (= Olyptothorax) were very 
hesitatingly described by Hora, as gland-cells, are really the receptors. The histo- 
logical details figured and described by him in O. lahiatum (Text-fig. 4) are very 
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similar to those figured here and leave no doubt in my mind about their being 
receptors even in those forms. After examining the microscopical preparations, 
Dr. Hora has confirmed my findings and interpretations of these structures as 
receptors. 




Text-fig. 3. — Glyptothorax telchitta (Hamilton). Structure of the posterior lip. 

a. Flat mount of small portion of the posterior lip; 6. Section through the posterior lip 
papillae. 

c., cuticle; c.e., columnar epithelial cells; c.w., circular muscle layer; rf., dermis ; cp., epidermis ; 
e.p., elongated papillae;/., furrow; n./., nerve fibre; o.r., openings of the receptors; r.c/t., chemo- 
recejjtor; r.d., developing receptor; r.L, tango -receptor; sensory hair. 

As to the rostral hood and posterior lip papillae, it may be recalled that in 
similar papillae on the rostral hood and lower lip of Garra, de^scribed and figured by 
Hora (1922, p. 47), the superficial epidermal layer is modified into spines and thtire 
are no receptors. Whereas in Oarra these papillae act as frictional devices, in 
Glyptothorax they seem to function as adhesive organs through adpression . The large 
number of receptors round the mouth are probably gustatory in func^tion and taste 
the water flowing into the mouth for respiratory purposes. 
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(iii) The Maxillary barbel (Text-figs. 1 max. b, and 5). 

The anterior lip has fleshy backward extensions on the two sides which terminate 
behind into a pair of cylindrical barbels. Each barbel as seen in a transverse section 
(Text-fig. 5) has a cartilaginous axial rod which is cnsheathed by an inner circular 
and several bundles of longitudinal layers of muscles, which in turn are surrounded 



Tkxt-fio. 4. — Olyptosternum kibiatum (Blyth). Transverse section through the integument. 

(Reproduction of Horn’s Text-figure). 

6.V., blood-vessel; c., clavaie cell; c.#., coimectivo tissue; e.c., small epithelial cells; f/.c., gland 
cell; p., pigment. 

by a second circular layer of muscles. Around this is })rescnt a layer of radially 
arranged epidermal cells which has a tliin cuticular covering. The epidermal cells 
are highly vacuolated, each cell having a finely granular protoplasm and a centrally 
placed spherical nucleus. In between the epidermal cells there are a large number 
of receptors which are modified epidermal cells. It is apparent that the barbels are 
sensory and the vacuoles within the epidermal cells add to flie turgidity of 
the barbels to enable them to perform the adhesive function efficiently. 


(iv) The Region of the Branchiostegial Rays (Text-figs. 1, b.r. and Oo, 06). 

The integument covering the ventral surface of the branchiostegial rays is 
obliquely fluted, and grooves and ridges run p>arallel to the branchiostegial rays, and 
anteriorly meet in the mid-ventral region. A free hand section (Text-fig. 6a) shows 
the true nature of the integument of this part, as also the nature of the spines on the 
ridges. The epidermis consists of a well-formed layer of columnar epithelial cells. 
Each cell has finely granular cytoplasm and an oval nucleus at the base. Next 
to the epidermal layer, there are several tiers of irregularly scattered colls (the 
formative cells) which do not form a layer. Both the ridges and the grooves have a 
cuticular covering which is modified into number of short stout spines over the ridges. 
The grooves are devoid of spines. A few flask-shaped tango-receptors are also 
present in this region. 
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c.r. 



I.m. 


Text-fig. 5. — Olyptothorax telchitta (Tlamiltoii). Trans votbo section tlirongh a maxillary barbel. 

6.?;., blood-vessel; c., cuticle; c.c., columnar epitlielial cells; c.m.y circular muscle layer; c.r., 
cartilaginous rod; Lra., longitudinal muscle layer; a./., nerve fibre; o.r., opening of tlie receptor ; 
r.ch.j cliemo -receptor; r.c/., developing roc(^})tor; r.^., tango-re<‘eptor ; .v./o, sensory hair; vacuoles. 


(v) The Thoracic Adhcsir>e Ap'paralus (Text-figs. 1, a.j)., 7 and 8). 

Like many other hill -stream fishes, the under surface, particularly the ventral 
thoracic region of this form is flattened so as to come into close contact with the 
substratum on which the fish rests. The generic name Olyptothorax is indicative of 
this feature of the genus. 

The integument of the ventral region, between the bases of the two pectoral 
fins, has a distinctly marked rhomboidal area whi(?h is longitudinally pliated and 
presents regular corrugations (Text-fig. 1, a.p,), A free hand section of a piece of 
skin from this region (i>xt-fig. 7) shows longitudinal ridges and alternating grooves. 
The ridges appear in the form of plates, and are seen bristling with long closely-set 
spines, the apices of the spines are curved and are all directed backwards. The 
grooves are without any spines and are smooth . 

A microtome section (Text-fig. 8) reveals that while both the dermis and the 
epidermis form the entire adhesive apparatus (ridges and grooves), it is really the 
epidermis and its derivatives which are principally concerned with the function of 
adhesion. 
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Tkxt-fig. (>. — Olypiothorax telchitla (Hamilton). Structure of the branchiostegial region. 

a. Free-hand Boction through the region of the branchiostegial rays; 6. Microtome section of 
the same. 

cartilage; c.e,, columnar opitlielial cells; c.m., circular muscle layer; c.j?., cuticular 
spines; f/., dermis , cp.y epidermis ;/.c., formative colls in tiers; n./., nerve fibre; r.t.y tango -receptor; 
sensory hair. 


The adhesive j)ad is made ii]), from inside out, of the following layers: — 

(a) The epidermis, 

(h) Formative (*ells, 

(c) Beak-shaped cells, 

(d) Cuticle, and cuticular spines. 

(u) The epidermis. 

Next to the dermis is the epidermis, a layer of slender, closely packed, columnar 
epithelial cells. The cytoplasm is uniformly granular and an oval nucleus is placed 
in the central region of each cell. The cells within this layer are in an active state 
of mitotic division, and as a result of this division a large number of cells arise from 
the epidermis which remain scattered towards the outer border of the epidermal 
layer. 

(6) Formative cells. 

Several tiers of cells, derived from the epidermis, are present next to the epi- 
dermis. They are well -formed, oval cells, each having finely granular cytoplasm 
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and a centrally placed nucleus. They never combine to form a layer and are 
loosely scattered. They seem to behave like wandering colls. It is worth noticing 
that the cells nearer the epidermal layer are smaller, each cell bearing a small central 
nucleus, while cells further away, i.e., cells in the outer tiers are large, and each 



Tkxt-fig. 7. — Oiyjdothorax telchilta (Haimlton). Freo-haiid section of tlie adhesive i>ad, cut 
trai\svorsally to tlie skin plaits, 
c., cuticle; d., deniiis; ep., epidermis; spines. 



Text-fig. 8. — Qlyptothorax telchitta (Hamilton). Transverse section of a ridged portion of the 
‘adhesive pad’. 

a. Central part of the ridge ; h. Edge of the ridge. 

c. grooved part. 6.c., beak-shaped cells ; 6.V., blood -vessels ; c., cuticle ; c.e., columnar epithelial 
cells; c.m., circular muscle layer; c.ff., cuticular spine; d., dermis; cp., epidermis; /.e., formative 
cells; p., parenchyma; v., vacuole. 
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bears a large clear nucleus, with a well formed central nucleolus. These cells are 
being designated here as formative cells. 


(c) Beak-shaped cells. 

Cells of the outermost tier form a single row of squarish cells, each cell giving 
out at its free outer end a beak-shaped jirotoplasmic process. The cytoplasm within 
the main cell, as also in the })roces8, is uniformly granular. Each cell has a centrally 
placed large clear nucleus, with a prominent central nucleolus. It is worthy of 
note that all the j)roto])lasmic pro(;eascs in this layer are directed one way, ^^e., 
towards the posterior side of the fish. In between the consecutive processes there 
are alternating vesicular spaces. 


{d) Cuticle and culicnlar spines. 

Immediately next to the protoplasmic processes is a thin transparent, non- 
cellular covering layer, the cuticle, from which arise long spines. Both the spines 
and t he cuticle take a mild stain. All the spines, hke the protoplasmic processes 
ot the underlying layer, are directed backwards. A careful counting reveals that 
there are as many spines in the section, as the underlying protoplasmic }>rocesses. 
The adhesive apparatus region is altogether devoid of receptors. 


Dlscussion. 

Horn. (1922, pp. 47-58) described a number of species in various stages of 
adaptations to swift water current- and showed how the devolo})ment of spines is 
correlated with the intensity of the current. Be made a comparative study oi’ similar 
adhesive aj)parata in the hill-stream fishes of the order Oyprinoidea. 

His description and figures of this part in Bhavania annandalei indicate that the 
material handled by him was not in a good state of ])re8ervation to enable him to 
determine the real epidermal layer. What he calls the basal epithelial cells is the 
epidermal layer pro})er. Most of the histologi(?al structures shown by him in his 
Text-fig. 19 on page 57, re})roduced here as Text-fig. 9, are very similar to those 
figured in G. telchitta (Text-fig. 8) and his sketches interpreted on tlu^. lines of my 
findings become self-explanatory. Similar confusion exists about structures se^m 
in Garra, where a superficial epidermal layer is described. The basal region, of which 
the cells are not well marked, is the real e[)idermis. 

Among the Siluroidca, Hora studied the conditions seen in several species under 
the genus Glyptosternum. Tn Glyptosternum labiaiurn (Text-fig. 4), he missed locating 
the epidermis. Several layers of cells put together arc labelled by him as epithelial 
(‘oils. This figure studied on the lines suggested above will help to interpret 
rightly all the structures figured by him. 

Ibe conditions described by him in Glyptoihorax dorsalis, page 55, are note- 
worthy. It is a resident of sluggish and muddy streams of the Manipur Valley, the 
spines, as a natural consequence, are small, and the spinous layer as a whole is not 
well developed. Here too the basal la-yer which is describe by him as highly 
vacuolated is in reality the epideimis. 

In Glyptoihorax madraspatanus, the adhesive tissue is described by him as more 
advanced (p. 55), but the reasons put forward by him for this conclusion are not 
sound. He says, ‘the adhesive tissue is more advanced in so far as the cell limits 
are not distinguished.’ This condition is due to poor state of preservation of the 
tissue rather than to any kind of advancement in stnicture. Hora’s own statements 
at two different places regarding the general make up of the adhesive apparatus 
tissue, where he says that the cell limits are not distinguishable, and that in the 
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basal epithelial layers he was not able to find any nuclei, support my assumption 
about the poor state of preservation of the materials handled by him. 

In Glyptothorax sp., where the greatest specialization in the structure of the 
adhesive tissue within the genus is rea(‘hed, Hora’s interpretation of epidermis and 
its derivatives is based on an erroneous ground. His figure I9r/ of Glyptothorax saisii 
giving three sketelies (Text -fig. 9) of the adhesive apparatus further confirms my 
findings. The real epidermal layer, recognized here too as basal layer has been given 
the least attention and it is stated to consist of cells without nuclei. 



Tkxt-fig. 9 . — Glyptothorax sp. Minute structure of the adtiesive apparatus on the under surface. 
(Reproduction of Hora’s Toxt -figure.) 

o. transverse section through a portion of the ridge ; h. transverse section through a portion 
of the groove; c. horizontal section through a portion of the ridge. 

6.C., basal ojathelial cells; c'., first row of cavities; c''., second row of cavities; c.e., coluiimar 
epithelium; e.c., small rounded epithelial cells; n.e.r., non -cellular region; w,^., nucleus of the spine; 
spine. 
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Muc li more attention has been paid to the cells derived from the epidermis than 
to the real epidermis. Changes noticed by Hora, as to the structural differences 
between ridges and grooves are very similar to those observed by me in Olyptothorax 
tdcMita. 

H ora’s findings regarding the general make up of the adhesive apparatus in 
various forms are very helpful. While his sketches showing the histological details 
are v(wy useful, his interpretation of the different units that jointly form the 
adhesive apparatus, needs revision. 

Wu and Liu’s contribution on the structure of the adhesive apparatus of 
GlyptoMvrmvm ( - Glyptothorax) {Sinensia, 1940) instead of adding to our knowledge 
somiithing fresh, has added to the (confusion of ideas about the structure and fun cation 
of* the ap])aratus. Their statement that the histological nature of it is practically 
unknown shows that they were completely ignorant of Hora’s detailed investigations 
of this and similar otliejr stnuttures. 

The entire ejiidermis and its derivatives arc described by them as stratum 
germinativuin, which, according to them, constitutes most of the ejiidermis, and 
consists of 8 to 10 cells layers. These layers are further described and labelled by 
them in their figures in the following manner: — 

(a) The deepest layer composed of elongated pyramidal cells is the basal 
layer. 

(h) It is overla])ped by 3-4 layers of elongated sj)indle-8haped cells, which 
do not differ much from the cells of the basal layer. 

(r) l^assing towards the surface, the cells are irregular polyhedral in shape, 
small at first, but larger in the succeeding layers. Some 4 to 5 rows 
of such cells are shown in the figure. 

(d) 'Idle most superficial layer isnamed as stratum corneum, and the cells in this 
layer are separated from each other, by intercellular spaces, which in 
turn are traversed by intercellular bridges. 

At another place the layer stratum corneum is described by them as cfTisisting 
of a single layer of cells. Owing to the disappearance of the intercellular sjiaces 
here the boundaries of cells are more or less in obscurity, the distinctive feature of 
this layer is that the free surfiice of its cells is fused, thickened and keratinized. 
That practic ally every cell at the ridged portion bears a spinulc, seems to be of 
interest. 

They have further described that the spinule, stained the same as the free border, 
is found to be a direct protrusion of the latter. It is really a modified part of the 
cell wall, a blind tube filled with cytoplasm. 

At tlie base of each spinule is shown by them a clear pear-shaped 8])ace within 
whicii is figured an acute oval structure. They interpret the clear space as the 
j»osition formerly occupied by the nucleus and the acute oval structure as the 
nucleolus, though they admit that its enormous size, somewhat renders this designa- 
tion loss convincing. They admit by saying 'We are not at present in possession of 
a definite idea concerning the real nature of this structure, but it is our belief that 
whatever this structure may be, it seems to be intimately correlated with the 
cornifi cation of the stratum corneum.’ 

As to the function of this structure, it is regarded by them less adhesive than 
protective.'^ The deficiency of the goblet cells apart from the cornification and 
si>inule formation of the free border of the epidermis led them to believe so. 

They further believe that the chest of this fish is liable to friction when 
it perches, as it used to be on rocks or stones, and there is much need of a 
structure to protect this scaleless region against mechanical influence. Although 


I Italics are mine. 
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they conclude by saying that the spinules might act as numerous small pegs to help 
the fish resting more steadily upon the substratum under swift currents, the^^ feel 
at the same time that this apparatus cannot subjectively effect adliesion as performed 
by the mouth of Cyclostomata, sucking disc of Lepidogaster , })aired fins of Sino- 
gastromyzon and ventral fins of Qobius seems beyond all doubt. It will be readily 
admitted that the adhesive disc of Qlyptothorax does not function as a sucking disc? 
of the fishes referred to by Wu and Liu, but acts as a frictional device for increasing 
adhesion to the substratum. 

Although Wu and Liu (1940) adopted very elaborate micro-technicpie, they were 
not able to ascertain rightly the histological details of the different })aits of the 
disc in their preparation. Their work unfortunately sheds very little light on the 
point. It is apparent that their observations on some of the points are mistaken, 
while those of Hora are correct. Unfortunately their de^(;ription and diagrams oi 
the adhesive disc are based on an incomplete appreciation of the details of its 
struc;ture and are therefore not very helpful. 


PkOBABLE OKiaiN OF ADHESIVE PAD. 

(Text-fig. 10.) 

A close study of the successive stages of series of microtome sections reveals 
the way different elements that form the adliesive disc are develo])ed from a simple 
columnar epithelium. It is the perching habit which tends to bring about mecha- 
nical devices that help the fish to maintain its position against strong currents. 

In the beginning there is a simple epidermis consisting of a single layer of 
columnar epithelium, with a thin covering of cuticle. Cuticle is the layer exposed 
to great stress and strain, and it must therefore exert both physic'al and mechanical 
means to gain fixed points for maintaining a position. Cuticle gets modified into 
large spines, which act as pegs. It gets torn at times and is very soon leplactid by 
fresh cuticular covering. This regeneration of cuticle is made possible by the 
underlying epidermal cells and its derivatives. 

Text-figure 8 shows how the epidermal cells get modified to form the cuticular 
spines, and the way cuticular layer regenerates. 

Epidermis consists of a single layer of columnar epithelial cells, and there is a 
thin layer of cuticle (Text-fig. 10a). Epidermal cells are in active state of mitotic 
division and give rise to formative cells, i.e,, cells which ultimately form the cuticle. 
The first series of formative cells form a layer beneath the cuticle, and fresh cells 
that arise from the epidermis remain in reserve in several tiers (Text-fig. 10 6, c, d, e) 
those close to the epidermal cells are the smallest of the series. 

Perching habit makes the cuticle project beyond the surface level, and each 
projection is a cuticular spine. This projection is initiated by the underlying 
layer of cells, each cell giving out a protoplasmic process which give the cells in this 
layer beak-shaped appearance. Text-fig. 10/ shows the formation of small spinules, 
and at the base of each spinule there is the projecting protoplasmic process of the 
underlying cell. 

As a result of mitotic division of the epidermal cells there is a constant supply 
of formative cells, which at times remain ensheathed in a chain from the place of 
their origin to underneath the cuticle (Text-fig. 10 g^ h). 

It has been noticed in the preparations that at places, where the cuticular 
layer gets torn off, the protoplasmic processes of cells of the underlying layer take 
the place of cuticular spines till fresh cuticle is regenerated. Wu and Liu 's illustra- 
tions appear to have been taken from preparations where cuticular layer is not 
present, and spinules are only the protoplasmic processes of the underlying cell layer. 
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Function ok the different parts. 

Flic anterior and ])osterior lips, the maxillary barbels, the region of the branchio- 
stegial rays and the adhesive pad, all perform an adhesive function. The 
pa[)jllated regions of the two lips jierlorm it by adpression, and the region of the bran- 
c;hiostegial rays by means of the euticidar spines. All the three regions have a 
relatively less adhesive power than that of the specialized adhesive disc. 

General structure of the adhesive disc, total absence of rece})tors in this region, 
the long (uiticular spines, and the way cuticle is regenerated, leave no doubt in my 
mind as to its being adhesive. 



Tkxt-fig. 10. — Qlyptothorax telchitia (Hanulton). Developing stages of the ‘adhesive pad*. 

а. Stage with single layer of columnar epithelium; fe. Stage showing the birth of the formative 
cells from the epitlielimii ; c. Stage showing the birth of a reserve layer of formative cells; d. Stage 
showing the re.serve layer of formative colls fusing to form the cuticle; e. Stage showing the 
formative colls joined with the first tier of formative cells and the birth of another layer;/. Stage 
showing formation of small spinules ; g. & h. Stages showing the formative cells ensheathed in 
chains. 

б. C., beak-shaped cells; c., cuticle; c.e., columnar epithelial cells; c.a., cuticular spines; ep,, 
epidermis; f.c,, formative cells; sh,, sheath; v., vacuole. 
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Wii and Lin’s view that adhesive apparatus cannot subjectively effect adhesion 
and that the sijinules are less adhesive than protective is at best a conjecture without 
much observational or experimental evidence. 

Long spines, all directed one way, behave like pegs, and these devices, helped 
by large number of teeth on the two jaws, all combined, form very efficient adhesive 
organs. 


Abstract. 

This paper, part I of the series, deals with the epidemml organs which serve adhesive function 
in a small catfish Qlyptothorax telchitta found in fast flowing streams of the Riband River, Mirza- 
pore, U.P. Due to the resistance offered by the fish against strong water currents, a number of 
epidermal adhesive devices are developed in it which help the fish to maintain a more or less 
stationary position in fast running waters. 

These are: 

(a) The Rostral hood, i.e., the region in front of the mouth, which is secondarily formed 

and covers the anterior lip. It is in the form of a pad and is profusely papillated 
subserving an adhesive function. 

(b) The posterior lip region is also papillated and these pajjillao are longer than tliose 

of the rostral hood. 

(c) A pair of 7 naxillary barbels — also help in the process of adhesion. 

A largo number of Receptors are present on the Rostral hood, the posterior 
lip, and on the liiaxillary barbels. 

(d) The 1 ‘egiou of the Bra^ichiostegial rays has a grooved integument which bears sliort 

stout 8j)iiiea. 

(c) In the Thoracic adhesive apparatus the integument of the ventral chest region has a 
marked rhomboidal area which is longitudinally pliated. The ridges are provided 
witli long curved cuticular spines which help the fish to stick to the substratum. 
This region is devoid of rocej>tor8. 
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CYTOLOGTCAL INVESTIGATION OF THE MANGO (MANOIFEBA 
IN DIG A L.) AND THE ALLIED INDIAN SPECIES. 

By Sunil Kumar Mukherjee, D,8c,y Botany Department , Delhi University,^ 
(Communicated by Dr. P. N. Bhaduri, M.Sc,, Ph.D., F.N.l.) 

(Received May 22 ; read August I, 1950.) 

Introduction. 

The mango, wliidi is one of the most important tropical fruits, has more tlian a 
thousand varieties in India, all of which belong to one species, Mangifera indica L. 
About t-wo dozen of these are of mu(^h commercial importance, and ai e maintained 
in rultivation through vegetative propagation by grafting. They diffoi' from one 
another mainly in fruit characters, and a few other minor features, e.g. colouration 
of the emerging leaves, colouration and pubescence on the ])anicle branches, etc. 
(JVlukhet'jee, 1948 b). Of the 41 sj)ecies included in the genus Mangifera disti ibutcd 
throughout Malaysia, only three are reported from India: (1) M. indica. L., 
(2) M. Jehasiana Pierre (a species of doubtful occurrence), and (3) M. sylvatica 
Roxl). (Mukiierjeo, 1949). 

x\vailable information on the cytogenetics of species of Anacardiaceae and 
es])ecially on the genus Mangifera L. is very meagre. Chromosome number has been 
ie])orted so far only for Mangifera indica. Maheshwari (1934) first reported the 
number doubtfully as n ~ 24-26, and Roy (1939) published the haploid number of 
four varieties as ranging between n — 6-8. Recently Janaki Ammal (1945) has 
mentioned the number as 2ri == 40. 

Due to want of knowledge on the cytogenetics of such an important tropical 
fruit tree, the present investigation was undertaken to elucidate the eytological 
basis of variation in the mangoes (M . indica) and the allied spec'ies, and to find out 
their mode of origin and correlate their inter-relationships. 

Materials and Methods, 

The juesent investigation includes observations on three species — M. mdica L. 
(including 23 (adtivated varieties and 1 wild type), M. sylvatica Roxb., and M. 
calone/ura Kz., which are available in India. Other species of the genus, occurring 
in the Malaysian region, could not be secured for examination during this investigation 
(1943-46), due to World War II. The materials of the cultivated varieties of mango 
were obtained from the Government Horticultural Research Stations in Bengal, 
Bihar and Madras, while the wild races of M. indica and M. sylvatica were collected 
from the forests of Chittagong Hill Tracts (near Burma border) and Assam 
respectively . Flower-buds of M-. caloneura Kz., a Burmese species, had been collected 
from a planted tree in the Royal Botanic Garden, Calcutta. The seeds obtained 
from the plant did not germinate. 

For a study of the morphology of somatic chromosomes, root-ti})s were collected 
from seedlings, raised in pots containing sand at bottom and soil above. The seeds 


1 The investigation was conducted in the Botanical Laboratory of the Calcutta University 
under the scheme on ‘Cytogenetics of Mango’ financed by the Indian Council of Agricultural 
Research. 
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,, ,, 

1 

4 



8 

9 

*21 

l*airi(> (Poona) . . 

,, ,, 

4 

() 



10 


22 

Latra (c*roo 2 .>ing) 

40-41 

»> 

10 


4 

Mi 

— 

2 : 1 . 

J3arajnassia 

— .. 





— 

— 


8 

24. 

Ivaitki 

— 

— 

— 

— 

— 

— 

() 


* indituitoH important coimnorcial vtiriotioH. 

— indu'att's iiiidotorniiuod. 

SAT indicates satellited ehromosomes. 

S.C. indicates secondary constricted ( liromosomes. 

of M. sylvaiica, which did not germinate under usual (conditions, were forced by 
alternate treatment w it h heat and cold. 

Desired root-tij) preparations were made from materials fixed at 9-1 1 a.m. in a 
mixture oi’ 1% chromic acid and 10% formalin in a proportion of 6 : 4. Paraffin 
sections, 8~l()p thick, were stained by Newton's Iodine Crystal -Violet method. 

Flow er-buds of the same varieties and species were fixed in Belling ’s Naw^ashin 
fluid between 9-11 a.m. after a pretreatment in Carnoy’s fluid. Paraffin sections, 
16-18/a thick, were stained in Crystal Violet after premordanting in Nawashin’s 
fluid. 

The smear method for PMC did not prove successful, due to the rapid 
and successive division of the nuclei in the single fertile stamen. Moreover, the 
flower buds are so small and so much aggregated while j^oung, that it becomes 
very difficult to dissect out the pro])er type of bud and the anther contained in it 
without the help of a dissecting microscope. 

6b 
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Tabi.e II. 

Size variation in chrom, 080 me 8 of individual complement and their total length. 


Name. 


M . ftylvatica 
M . indica varietios — 

1 . Shadwalla 

2, Hininagar 

8. KiHhenbhog . . 
4. Golapkhas 
T), Kopni 
0. Langra 

7. Ainipani 

8. Kalapahar 

0. Safdar Paftaiid 

10. LaHkaTBliikliaii 

1 1 . Joliariara 

12. Laklina 

13. Kohitur 

14. BoiYibal 

15. Fazli 

16. Alphoiiso 

17. Panja Pasaud 

18. Daaeri 

19. Pairie 

20. Latra 


No. of chromosomes of difforoiit 
lengths and tla'ir total length. 

Total length 
of metaphaso 
ehromoBomes 
per nuelens. 

0.4-1^ 

(short). 

J-0-b5yu 

(niediiirn). 

1 -5-2.0/, 
(long). 

C .'to 

10 


35/, 

i 

12.5^ 



fl>-> 

12 

6 


tifi-V 

15/, 

10-5/, 

42/x 

p4 

12 

4 



15/, 


40/, 

f :{o 

6 

4 



7-5^ 

V 

37/, 

p>s 

10 

2 


1 

12-5/, 

3-5/, 

37/, 

f L-4 

14 

2 


I'V 

17.5/, 

3-5/, 

39/, 

f2S 

10 

2 



12-5/, 

3-5/, 

37/, 


<S 




10/, 


34/, 

( ‘^2 

14 

4 


\ io-r>fc 

1 7-5/, 


41/, 

f 24 

12 

4 


( IHp 

15/, 

V 

4(> 


12 

6 



15/, 

10-5g 

42/, 


12 

. • 



15/, 


36/, 


12 



1 -’Ip 

15/, 


30/i 

p>8 

10 

2 


p21p 

12-5/, 

3*5/, 

37/, 


12 

4 



15/, 


4(»<, 

f2<i 

12 

2 


lif-V 

15/, 

3-5/* 

38/, 

f28 

10 

2 


I-'P 

1 2-5/, 

3-5/, 

37/, 

(‘M 

12 

2 


1 ly-v 

15/, 

3-5/, ’ 

38/, 


10 

2 


i-'p 

12-5/, 

3-5/, 

37/, 

f26 

10 

4 


i 1 9-5^ 

12-5/, 

7/, 

39/, 

11^. 

18 

4 


i 

22.5/i 

7/i 

43/, 


The above ealoulations are based on. average length of the ‘short’ chromosomes as 0*76/i, 
‘meriiura* as 1*26^ and ‘long* as 1*75^, e.g. if there are 12 chromosomes of ‘medium’ length 
group, the total length has been put as 15^. 
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Obsei vatioris and diawiiigs were made, using principally a Zoiss 2 mm. 
aj:) 0 (iirc)mati(! objcc^live 1-4 N.A., and an apoc}m>matic condenser 14 N.A., with 
homogeneous immersion and compensating eyojiieces X 10 and Xl8, and a Zeiss 
drawing prism. 

Obsebvations. 

Chromosome nmnher. — The three species under investigation are mor})hologicalJy 
very much allied; M. sylvatica being distinguished mainly by its glabrous panicle 
and acuminate beaked fruits, whereas M. cedoneura diders from M. indica in bigger 
lax flowers and compressed round fruits. The leaves of the three species are almost 
similar, but in the c^ultivatod varieties of M. indica the j)ctiole is shorter, whereas 
in the wild ty])e it is longer and almost of the same length as in M. sylvatica, with 
wliich it is moj o allied. The varieties of mango {M. indica) and the allied spec ies 
examined, sliow a remarkable stability in their (-hromosome number, all possessing 
2n 40 and n ^ 20 cdiromosomes. In three vaiieties (Kalapahar, 8ajdar Pasand 
and Latra) only, plates (Fig. 22) showing an aberration in their somatic chremose me 
number (41 and 42) have bcion found. The results are given in Table 1. 

Karyotype analysis. — A critical study of the chromosome morplu>log\ sliovvs 
that M . sylvaJica and the varieties of M. indica cbfl'er frem one anotiiei in I hc size 
variation of the chremosemes (<T. Table II), and the total number of satellites and 
secondary constiic tions in their cxmjdements {ci‘. Table 1). The saiolJitcss in scune 
of the chromosomes are extremely small. Due to the short length ot tlie chr(>mo- 
somes, the secondary c*onstric*tic)ns indictated by the unstained gaps, bee c me obscure 
whenever there is a slight swo^ling or torsion of the chromosemes. Identity of seme 
of the secondary constric't ions, t herefore, a])pearB doubtful. Detcimination of the 
morphology of somatic chromosomes therefore becomes difficajlt, especially because 
few well spread-out plates are present in the small colls within the shoil cortical 
region of the root-tij). Moreovej*, the cell-inclusions, mainly of the natui e oJ tannins 
in the outer cortical zone, interfere very much with the fixing and staining of t.he 
cliromosomes. The number of satellites and secondary constrictions ])i’csent in t he 
different chiomosomos of a com[)lement, has therefore been deteimined after an 
examination of more than 10 good somatic plates. 

The chromosomes varying in length between 0 4/x- 20 m, have been classified 
under 3 main length -groups — Short (0-4-1 (y), Medium (l O- Tbyx) and Long (l -5~ 
2-0/i). A compaiative statement of chromosome m()r])hology acc*cuciing to length- 
variation in the different types is given in Table II. 

A})art from this broad grouping according to size-differences, the sc mafic 
chromosomes c*ould be distinguished by their morphology into the 1‘ollowing 
11 categories: — 

Type A. Long chromosc mes vith both secondary constrictions and satellites, 

Ty})e B. Long chromosomes with submeclian primary constiiction and a 
typical satellite at the end of the longer arm. 

Type C. Long chromosomes with submedian primary constriction and 
subteiminal or submedian secondary constriction on the longer 
arm. 

Type D. Medium chromosomes with submedian primary constiiction and a 
satellite with short or long threads at the encl of the longer aim. 

Type E. Medium chromosomes with a sateMte at the end, but witliout any 
ajiparent primary^ constriction. 

Type F. Medium chromosomes with submedian primary constriction and 
subterminal or median secondary constriction on the longer aim. 

Type G. Medium chromosomes with median or submedian primary con- 
striction. 

Type H. Short chromose mes with submedian primary constriction and a 
fine satellite on the longer aim. 
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Type I. Short chromosomes with a satellite at one end and without any 
apparent primary constriction. 

Type J, Short chromosomes with median or submedian })riii[iary constriction. 

Type K. Short chromosomes without any ap])aront constriction. 

Of the 11 chromosome types, mentioned above, all excej>t G, J and K are 
nucleolar, i.e., possess satellites or secondary constrictions. An analysis of the 
somatic^ chromosome complement of the difi’erent species and varieties indicates the 
following idiogram : — 

Table III. 

^4 comparative account of Karyotypes y observed in the mangoes and the allied species. 




Ohrf)mo8oino types. 

Name of varieties and the 

A 

B 

C 

D 

K 

F 

G 

H 

1 

J 

K 















i 

1 

i 

1 

1 

i ( 


f 


f '• 

Kislioubhog 



4 

•) 

•) 


2 



18 

12 

(8) ] -h 

Alphonso 



!•> 

2 


2 

(i 


2 

6 

20 

ii. 

Daaori 



k> 

2 


2 

6 


2 

6 

20 

1 

Rogni 



2 

2 

2 

4 

6 



12 

12 

T). 

Kohitur 



2 

2 

W> 

4 

2 



14 

14 


Pfinja Pasand . . 




2 

2 

4 

4 



10 

16 

, 7. 

Pairio 



4 


4 


4 



14 

12 

8. 

Anuparn 




o 


6 



2 

18 

12 

' 9. 

.fohanara 




4 

•> 

4 

2 



JO 

18 

( 10. 

Shadwalla 


2 

4 

•> 


4 

6 



16 

6 

1 

Golapkhas 



2 

2 

2 

6 




20 

8 

1 12. 

Langra 



2 

4 


4 

2 

2 


20 

6 


Kalapahar 



4 

4 


1 

6 



12 

10 

14. 

vSafdar Pasand 



4 

4 


4 

4 



12 

12 

If). 

Laslcarshikhai i 



I 

2 


4 

6 



12 

10 

/ 16. 

Lakhna 


■ • 


4 


8 




12 

16 


M . sylvatica 




2 

2 

6 



2 

18 

10 

ri7. 

Hinisagar 



4 


2 

8 

•> 



14 

' 10 

(14)^ 18. 

Bombai 

o 


o 

4 


6 

2 



18 

^ 6 

( 19. 

Fazli 



2 

2 

2 

() 

2 


2 

12 

12 

(16) 20. 

Latra 



4 

4 


8 

6 



12 

6 


Ill tJio above table the spoeies and the variotiea have also been grouped under 5 classes 
according to the number of nucleolar chromosomes (8, 10, 12, 14 or 16). An examination of the 
table shows the following characteristic features. 


Alphonso and Daseri (Figs. 17 and 19) have exactly similar chromosomes. 
They have the same total length of metaphase chromosomes as in Kishenhhogy 
Ragniy Kohii/ur and Panja Pasand (Figs. 6, 14 and 18) have the same number of 
0, P, E and F chromosomes. Afiupam (Fig. 8) has the highest number (32) of 
'short’ chromosomes in the ‘10 nucleolar chromosome group'. 

Shadwalla (Fig. 2) is conspicuous in having 2B chromosomes with prominent 
big SATs. Qolapkhas (Fig. 5) has 2E cliromosomes which are absent in other 
varieties ol’the'12 nucleolar chromosome’ group. Langra (Fig. 7) is characteristic 
in having sharp primary constrictions in majority of the chromosomes, whereas in 
most of the other varieties much higher number of chromosomes are without any 
sharp primary constriction. M. sylvatica (Fig. 1) is characterized by the absence of 
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‘long’ chromosomes cand by the possession of a high number (30) of ‘short’ chromo- 
somes. 

Among the typos having 14 nucleolar chromosomes, Bomhai (Fig. 15) is 
characterized by a pair of A chromosomes, which have both satellites and secondary 
constrictions. Latra the mango with trailing branches has the highest number of 
nucleolar chromosomes (i.e., SATs and secondary constrictions) among the mangoes 
examined (Fig. 21). 

Maximum numhex of nucleoli from Dyad nuclei. — The number of nucleoli in each 
dyad nucleus in PMC (Table 1) varies between 4 and 9 (Figs. 45-57). They have 
definite size difference and may be recognized as big, inferynediate and small. These 
three types of nucleoli are present in diflertmt numbers in different varieties, but 
they are found to be segregated into homomorphic pairs in the two nuclei in a dyad 
cell, indicating a regular disjunctioruof homologous i)airs of satellited and secondary 
constri c ted chromosomes . 

The number of satellited and secondary constri(*ted chromosomes are generally 
lound to be the same as the total number of nucleoli in the tw^o nuclei of a dyad 
cell. There are some anomalies in this correlation, the number of nucleoli being less 
in Bomhai (Fig. 51) and higher in Himsagar, Laskarshihhan, Kurukkan (Figs. 46, 47 
and 57). In the former types, the anomaly in correlation may be due to the fusion 
of two or more nucleoli just after formation in early telophase, which stage passes 
off very quickly. 

The early fusion ol' nucleoli is indicated by their occurreiK'o in varying numbers 
in different dyad nuc-lei wuthin the same slide, although the total nucleolar volume 
in those nuclei remains almost the same. On the other hand, t he occiirrence in some 
varieties of higher nucleolar number than the observed number of satellited and 
secondary constricted chromosomes is most probably due to the difficulty in tracing 
out all the SATs and secondary constrictions ])resent, specially when these con- 
stri(4ions are super-numerary in nature, i.e., a single ('hromosome having more than 
one nucleolar (constriction. How^ever, in all cases t he maximum number of muileoli 
have been taken into consideration, as that is a surer guide to the determination of 
the number of nucleolar constrictions (Bhaduri 1944, 1947 ; Chakravorti 1948). 

Meiosis in pollen mother cells. — Tho varieties of M. indica and the allied species, 
M. sylvatica Boxb. and M. caloneura Kz. are characterized by having well-developed 
anthers in only 1 of the 5 st amons. 

Along with the dovel()])ment of the flower-bud the anther grows in size and 
follows a normal course of development leading to the differentiation of the pollen 
mother (colls w ith a big nucleus. After usual changes in t he PMC nuclei, the homo- 
logous chromosomes are found to ])air into 20 clear bivalents, which arrange them- 
selves mostl}^ below the nuclear membrane and around the persisting nucleolus 
during diakinesis (Figs. 21a and 31a). The nuclear membrane and the nucleoli 
subsequently disap})ear along with the formation of a spindle, at the equator of which 
the bivalents are arrang(xi. A polar view of the metaphaso plates gives a clear 
picture of 20 bivalents, which are found to be aggregateci into groups of 4, 3 and 2 
due to secondary association (Figs. 24, 25, 29 and 35). Data regarding grouping of 
bivalents, which indicate secondary association of distant homologues, are given in 
Table IV. It clearly show'^s that the maximum association of bivalents is into 
8 groups or units, and the most frequent assoiuation is 10. 


Figs. 1—22. Somatic chromosome plates during metaphaso : {<966 p. 292). 

1. M. sylvatica. 2-22. Varieties of M. indica. 2. Shadwalla. Ih Himsagar. 4. Kishou- 
bhog. 5. Golapkhas. 0. Rogni. 7. Langra. 8. Anupam. 9. Kalapahar. 10. Safdar 
Pasand. 11. Laskarshikhan. 12. Jehanara. 13. Lakhna. 14. Kohitur. 16. Bomhai. 
16. Fazli. 17. Alphonso. 18. Pan j a Pasand. 19. Dasori. 20. Pairie. 21. Latra (creeping 
mango). 22. Kalapahar with 42 chromosomes. All drawings x 4,200. 




(For Explanation, see p. 296.) 
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TABtiTC IV. 

Comparative data regarding Secondary Association. 


Names of Sp. and Vara. 

Maximum Associatioi i . 

Most frequent Association 

]\1 . calonetira Kz. . . 

M. indica Linn. — 

*2(3) + 7(2) = 9 

2(3) + 6(2)H-2(l) ... 

19 

‘wild ’type .. 

2(3) 1-7(2) 9 

2(3)1 0(2) + 2(l) 

19 

Var. Sliadwalla 

2(3) + 6(2)4-2(l) lu 

2(3)-^-0(2)-! 2(1) 

19 

,, Kishenbhog 

4(3) + 4(2) 8 

2(3)+0(2) + 2(l) - 

10 

Langra 

2(3) + 6(2) + 2(1) 19 

2(3) + 6(2) + 2(1) .. 10 

2(3).f--6(2) + 2(l) - 

19 

,, Anupam . . 

2(3) |-6(2) + 2(l) . 

19 

,, vSafdar Pasand 

l(4) + 2(3) + 4(2) + 2(l) 9 

3(3) + 4(2) + 3(l) 

19 

Laskarahiklian 

l(-t) + 3(.3)-| 3(2) + l(l) 8 

1(4)1 7(2) -1-2(1) 

10 

,, Bombai . . 

2(3) + 6(2) + 2(l) r- 19 

2(3) + 6(2) 1 2(1) . . 

19 

,, Kazli 

l(4) + 2(3) + 4(2) 1-2(1) ^ 9 

3(3) + .4(2)-l 3(1) 

19 

,, Alphonso 

4(3) + 4(2) 8 

2(3) + 6(2)q 2(1) 

19 

,, Panja Pasand . . 

2(3) + 7(2) 9 

2(3) 1 6(L>) + 2(1) 

19 

,, Dasori (aman) 

4(3) + 4(2) 8 

2(3) + 6(2) + 2(l) 

10 

,, Kurnkkan . . 

3(3)-| 4(2) + 3(l) - 19 

3(3) + 4(2) + 3(l) .. 

19 

,, Sah Pasand 

3(3) + 4(2) + 3(1) : . 19 

2(3)-l 6(2) + 2(l) ... 

19 


* 2(3) iiioauH 2 gnjups of 3 bivalontw in each group, et(!. 


After coin])lote tormiruilization of the cliiaRinata ip juiirod bivalcpls during 
metaphaso, their regular disjunction takes ])Ia(e residting in tJie separation of 
20 homologcuis chromosomes towards the two poles. While moving (c; Ihe t\\(> 
poles during anayrhaso, the eliiomosomes always a])pear at ecjual distances from the 
orpiatoi' of the spindle on the two sidc^s. During this jacuc^ss, no indication of 
multivalent formation or any other moiotic irregularity such as chre^mosome 
bridges, lagging (‘hromosomes, etc., is sO/On. 

Tire chromosomes ultimately reaeli the two ])oles din ing t(do])liase, and give 
rise tx) the nucleoli at the region of nucleolar organizers, i.o., SAT tlueads and 
secondary (‘onstrietJons. Due to the small volume of the nuc leus and tlic^ ])rcsc.nce 
of a high number of satellited and secondaiA' constricted chrcimosc nus in it, tlu^ 
maximum number of nucleoli could not be clearly determined in ever y case. Iliey 
become vc^ry clear duiing the short iiiterydiase stage when they take a bright stain. 
Tt is obvious therefore that the maximum number of nucleoli, ja esent in a nucleus, 
can only bo observed in ])reparations where such faA'ouiable stages are [)resent 
(Bhaduri and Kar, 1948). 

Secmul division and cylohivcsis .' — After a short yieriod of rest during inter] )ljase 
succeeding meiotic division, the subsequent mitotic division of tlu^ chromosomes 
begins in the t\^() nuclei within tlm single dyad cell. The configuration c>t‘ the two 
spindles is not regular, and they ayryrear parallel or at right angles to each other. 
After this second ciivision 4 separate nuclei are formed, whic‘h remain enclosed within 


Fias. 23—4-4. Chromosome platoa during inoiosie : {see p. 294). 

23. Diakinosis in Af. (scattered drawing). 24—44. Motaphaao plates. 24. M. 

caloncnra . 25. Af. indica (wild race). 26—44. M. indica (horticultural varietj<'R), 26. Shad- 

walla. 27. Himsagar. 27a. Himsagar (Diakinesis) . 28. Kishenbhog. 29. Langra. 

30. Aniipam. 31. Kalapahar (Second Di^d8ion). 32. Safdar Pasajid. 33. Sab Fasand 
(Second Division). 34. Kohitur. 36. Laskarshikhan. 36. Bombai. 37. Kurnkkan (polyem- 
bryonic variety). 37a. Kurukkan (Diakinesis). 38. Baramaasia. 39. Latra. 40. Pairie. 
41. Dasori. 42. Panja Pasand. 43. Alphonso. 44. Fazli (41-44. Second division metaphase 
plates). 

Figs. 26, 33, 42 and 43 ( X 3,600) ; rest x 4,200. 
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Flos. 45-57. Nucleoli during Telophase in Dyad and Tetrad cells in M. indica : 

45. Kaitki. 46. Kurukkan. 47. Himsagar. 48. Wild race (Tetrad). 49. Kishonbhog 
(somatic cells). 50. Kishonbhog. 51. Bombai. 52. Anupam (Tetrad). 53. Bogni. 54. 
Baramassia (Tetrad). 65. Daseri, 56. Sah Pasand. 57. Laskarshiklian (Tetrad). All draw- 
ings X 4,200. 
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the common wall of the PMC. Subsequently the cyto]jlaBm within the PMC 
divides by furrowing, and produces a wall around each of the 4 tetrad nuclei, 
leading to the formation of 4 microspores which are liberated alter bursting of the 
anther when the flower opens. 

Pollen grains. — The mature pollen grains in all the varieties show similar 
morphology in their elliptic shape and in having a closely })itted exine with 3 lc)ng, 
tapering sharply defined furrows {tricolpate type) containing a large germ-})ore at 
the centre of each. They are also similar in size, varying generally between 24-MO/x 
in average diameter. 

The pollen grains are mostly normal and full of cytoplasm; only a few (1-8- 
12-0%) are crumpled or empty, indicating evident signs of negligibie amount of 
male sterility. Experiments at Poona (Burns and Prayag, 1921 ), Sabovn- (Hen, 194.‘1), 
and U.S.A. (Sturrook, 1944) liave also shown that the varieties arc readily inter- 
crossable, indicating close compatibility among them. 

The cytologicai findings indicate normal development of the grains and close 
compatibility between the varieties. 

« 

Discussion and General Conclusion. 

Stability in chromosome nnmher in Mangifera L.— A reference to tlic list of 
chromosome numbers of plants (Darlington and Animal, 1945) shows that s])ecies 
comprising a genus have generally a vary ing siaies of chrcmos( me numluM s; rarely 
they possess the same chromosome number throughout, a genus. Exanqiles of 
such stability in chromosome number are found in Aniirrhivv'm (14 sp. examined, 
2n ™ 10), Aloe (73 sp., 2n — 14), Qnerens (44 s})., 27i — - 24), Bihes (21 s])., 2n — 10), 
Fievs (29 sp., 2n == 20), Erica (0 sp,, 2n — 24), etc*. 

The present investigation shows tliat all tlio 3 s]>. of Mangifera (M. i/ndica, 
including the wild and cultivated varieties; M. sylvatiea and M. caloncvra) have 
the same chromosome number, 2n — 40 and n - 20, Hie chromosome numbers 
of other sjiecies of the genus arc not yet known. 

The genus has been split into two sections, according to the ])resence or absence 
of the disc (Mukherjee, 1 949). ‘ Section I ’ having well-developed sw ollen disc cont ains 
34 species, and 'Section //’ with disc reduced or absent contains 7 s])ocios. Only 
two s}>ecies possess 10 stamens, of wdiich 5 are fertile, 4 species have all the 5 .st aniens 
fertile, 1 species has 3 stamens fertile, while the remaining 34 s|)e(‘ies have only 
1 of the 5 stemens fertile. The three species under investigation belong to the 
last group under 'Section I\ The sjjoiiios belonging to the other section, or the 
taxonomically older species (having 5 stamens fertile) could not be examined ns 
they occur in Malaysia. This lack of information is a great handicap in formulating 
any general theory on the phylogeny and origin of the geaius on the basis of 
cytologicai data alone. 

Although the present investigation suggests a stability in chromosome numbei’ 
in Mangifera^ future observations, especially on the taxonomically older speciis 
(M. Duperreana Pierre, M. pentandra Hook f., and M. lagenifera Griff.) or other 
species of Section IJ, may show some lower chromosome number. The homogeneit y 
in the range of floral structure in a majority of the sjiecies suggests, however, 
the possibility of the presence of the same chromosome numlier in most of them 
(Mukherjee, 1948a). 

A study of the pollen mori)hology in 9 specaes of Section I and 4 s])ecies of 
Section II of the genus from herbarium specimens has show n t hat all of them have 
similar morx)hology and are of almost the same size (generally 23-32/^) as in M. indica 
(Mukherjee, 1950). Size difference in pollen grains of related species can be a test 
for jiolyploidy in a genus, as has been found in Qnerens, Allinm, Triticnm, Evphorhia , 
Rosa and Tradescantia, etc. (Cf. Cain, 1944; Darlington and Ammal, 1945). The 
similarity in shape and size of the pollen grains in species of Mangifera therefore 
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substantiates tlio expectation of finding a stable chromosome nnmbej- (viz. 2r# 40) 

in a majority of the species belonging to ‘one fertile stamen’ grouj). 

Furt hermore, it has been established (Hageriip, 1932) that species with varying 
cJiromosome numbers in a genus have evolved from the original tyj)C in IFosc regions 
of the globe, which are (^liaiacterized by an extremely low temperature (such as 
arctic region or mountain peaks), or high temperature and low humidity such as 
deserts (Wiilf, 1943). All the species of Mangifera grow under almost similar 
(•limatic conditions, none oc.(^urring on mountain toj)S above 3,000 ft. or in the 
deserts (Mukherjee, 1949). They arc distributed througliout Malaysian region in 
the troj)i(‘s, the flora of' which has never been subjected to great, climatic changes 
(luj ing the geological ])oriods since the origin of the angiosperms in the Cretaceous 
(Wulf, 1943). The stability in chromosome number, anticipated in majority of the 
B}) 0 (*ios, is also indicated by the phyto-geographical distribution of the genus. 

Morphological variation's correlated with chromosome morphology . — The karyoty})c 
of a s[)ccies, I)a8ed on the morphology of its chromosome com])lomont-, is usually 
chara(t,eristi(^ tor it,. A comj)arison of the karyotypes ol‘ com})onent s]KHvies of a 
genus sliows differences, which may be marked^)r incons]iicuou8. A similarity in 
the phenotyp(i bet ween two species is more or less exju’essed by a similarity in their 
karyotypes (Ikibcock and Cameron, 1934). The chroin )Some mor])hology, therefore, 
becomes an impoitant guide in tracing taxonomic affinity. 

WhcT’cas in Zca mays, Vida faha, Crepis sp., Scilla sp., etc., some ])romincnt 
chromosomes in their karyotypes, characteristic for each ty})e, have been found, 
there are a large number of sj^ecies, e.g. in 8alix, etc. (Wilkinson, 1944), whcie no 
such dist inct c hromosome in the karyotype could be found. 

A relei’cnce to the dr awings of tlie somatic^ complement s of M . sylvatica and tlie 
diifeient varieties of M. indica emphasizes remarkable unifoimity in size and 
mor[)hology of the chromosomes. The differences between the comj)leme;nt s are 
incons])icuous, and indeed are detectable beyond reasonable doubt only after a 
critical study. In spite of the lack of any ])rominent featurci, c'crtain chiomosome 
ty])es such as those with secondary constrictions, those without any a])parent con- 
striction, and those which are satellited appear to have some taxonomic importance. 
44 le chromosomes have therefore been differentiated into 11 types on tlie basis of 
their morphology. Four of these types (H-K) belong b) the short, length grou]), 4 
( 1 ) (1) to t,h(^ medium length and the other 3 (A-C) to tbe long group (see 
Idiogr’am witli Table 111). Some of the chromosomes of t he medium gr-oup merges 
into similar chi'omosomes in the short length grou]), e.g. I) with H, F with I, G with J. 
lienee out of 1 1 cliromosome tyy>es enumerated above, 8 main ty]K‘.s can be clearly 
distinguished. 

The varieties of M. indica, and the allied species M . sylvatica, differ from one 
another mainly in the ])ossession of different assortments of these 1 1 (bromosome 
t > pes; the t otal number of satellited and secondary constrieded chromosomes varying 
h(d w(Hai 9-16, and the unconstried-ed short chromosomes varving between 6 -20 
(cf. Table TTI). 

The morphology^ of the varieties also shows that there is no mar ked divergence 
among any of them. They differ from one another firstly in the fruit characters, 
and secondly in the different colour ranges of the emerging leaves and ])anic]o 
braiudies (Mukherje^e, 19486). The range of variation is (continuous with gradual 
merging ol’ characters intergrading from one extreme to the other. The continuous 
range in the phenotypic differentiation of the varieties is also manifest in their 
chromosomt^ mor phology, which shows minute differences among the varief al com- 
plements. No sharp differentiation is seen in any of the complements. 

The chromosome morphology of M. sylvatica is very much similar to that of 
the mor’phologically allied M. indica. The geographical distribui-ion of the two 
s[)ccies are also overlaping. This correlation between the*phenotype and karyotype 
supports the view of Babcock and Cameron, that taxonomicaffy allied species and 
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vaiietios have similar chromosome morphology (cf. Sax, 1930; Gooclspeed, 1934; 
Kesende, 1937 ; Babcock, 1942; Meyer, 1944). 

A comparison of the karyotypes brings out some interesting correlations between 
pairs of varieties. Shadwalla and Bombai (an important commercial type), which 
are mor])hologicafly very much allied, possess almost similar karyotypes except that 
Bombai has one pair of chromosomes with both SAT and secjondaiy constric tion. 
8u(;}i close inter-relationship is also found between KoJdtvr and Banja Pasand, 
Alphonso and Daseri, Hinisagar and Pairie, Anupam and M. sylvatica. 

The morphological classification of the varieties into 3 groups (i.c^., liouvd - , 
Ovate-oblong-^ and Long -fruited) on the basis of fruit character (Mukherjee, 19486), 
does not indicate any significant correlation with the groujung ol the varieties into 
f) classes according to the maximum number (8, 10, 12, 14 or 10) ol nucleolar 
chr(tmc)somes in the nucleus. 

T'he occurreiK'e in Latra, one of the round-fruited varieties, of a higher numbt^i 
(10) of sat ellited and secondary constric^ied chromosomes in its complement indicates 
that this group of varieties is of later origin. A signilicant justification for this 
vicM' is obtained from tlie evidence that the wild mangoes of the pr esent day beharg 
to the Oimte-oblong group. Examination of other round-fruited varieties, e.g. 
Rumani, Nazvmpasand, Babmng and Dtidho, will verily whether the above statement 
is correct or- not. 

Polyploid Naiure of the angoes — Geneticui and cytological studies liave shown 
t hat fi’om an evolutionary jroint of’ view, we can arrange our- rar es ol cidtivated 
jrlants convenicuith' in the following four classes, ac(a)rding to their mode ol origin 
(Crane, 1940):— 

(1) B\ selection Ifom gene-mutation within a single species. 

(2) By simple autopolyploidy. 

(3) By selection from products of interspecific hybridization, unaccf mjranied 

by chromosome duplication or aberration; 

(4) By interspecific, hybridization, accom})anicd by ('liromosome doubling 

(allo})olyploidy) or other nuclear aberrations. 

Invest igat i ( >11 on tlie crojrs of temperate regions have shown that many (»1 thc‘ 
cultivated sj>ecies and races have originated by the last ])roceS8 (allopoly])loidy) 
either in naturt^ or under cultivation, e.g. Dahlia variabiliH, Prvnvf^ do'nie^iilca 
(bhiroj)tian Blums), A(\wduf< earnea, Rubios loganohaccus (Ci'anc, 1940). Amongst 
these, Primus dowesiica is most interesting in view of the fact that the hypothesis 
of its origin in natui e by hybridization between a diploid Primus dtvaricaia and a 
ttitiaploid Prunas spinosa^ followcid by chromosome doubling, based on cytological 
and genetic*al obseivations (Crane and Lawrence, 1947) received conliimatoiy 
support fj'om the investigations of Rybin (1936), wdio synthesized it fre m the abovi* 
two siiecies. Crane (1940) has also suggested that the tropical crojjs are likely to 
have originated along the same line. 

Although no polyi>loid series of chromosome number has been found in the 
varieties of mango or in the allied species, the jiolyploid nature of t he mangoes ( an 
be deduced from the following evidences: — 

1. The diploid number, 2n ^ 40, is itself sufficiently high to be the basic 

number for the genus and indicates its derivation fr(>m some ])lants 
with lower chromosome number through polyploidy. 

2, Evidence for polyploidy is obtained from the presem e of a high number 

(8-16) of satellited and sc(^ondary constricted chromosomes in the 
(complement, which are nucleolar (Bhaduri, 1944; Bhaduii and B(ise, 
1947). 

Since the establishment of De Mobs (1928) theory of numerical correlation 
between the number of nucleoli and the number of genomes present in a species, 
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Buggost ing the nucleolar number as an important guide to polyploidy, a large number 
of observations have ac cumulated (ef. Gates, 1942), on the basis of which Bhaduri 
c‘ame to the conclusion tliat higher nucleolar numbers have been evolved not through 
poiy}>loidy alone, but hybridization and structural changes in cluomosomes have also 
j)la\'ed an important role in the juocess (Bhaduri, 1942a, b; 1948). He further 
suggested that size dilfereru e in the nucleoli in a species is an important guide to its 
evolutionary history, and homomorphic pairs of nucleoli in the two poles of a dyad 
cell suggests the hcnnozygous nature of the species and conversely heteromorphic 
pair suggests its heterozygous nature. 

In addition to the above processes responsible for increase in nucleolar number, 
li'agmentation of (*hromosomes at the regions of secondary constrictions has also 
been claimcMl lecently (Bhaduri and Bose, 1947; Chakravorti, 1948) to play an 
important role in the ()rocess. Nucleolar number alone cannot therefore be used 
as a jiieasurc ol' the degree of polyploidy. 

During the present investigation, M. indica, M. sylvatica and M. caloneura 
have becni (bund to possess 8-16 nucleoli in a somatic cell, which are segregated 
into h()mom(U])hi(' ])aii’s in the two nuclei within a dyad cell, suggesting their 
homozygous (‘ondit ion. Such a high number of nmdeoli in the mangoes is due to 
their polyploid nature, and not due to segmental interchange or other structural 
(ihaiiges in (‘hromosomes, as evidenced by the striking regulanty in pairing and 
disjunction of the bivalents during mciosis. It is worth jaunting out liere, that 
the larg(‘. number of ‘Prime tyjKJs' found in Datura siramonkiTn and D, meiel each 
bearing the same chromosome number, 2n - 24, and showing normal pairing and 
disjunction, dirfer iiom one another with ros])ect to one or more intercljange of 
segments of chromosomes (Bergner, Satina and Blakeslee, 1943; Blakeslee, et ah, 
1940). Phis coidd oidy la; detected by the formation of rings of four or more 
(‘hromosomes during diakinesis in intervarietal crosses. It is difficult to state at 
the ])rescnt stage whether such cy tological differences exist betw een different varieties 
01 ’ 8pe(‘ios of Mangifcra. It will therefore be an im]>ortant line of investigation to 
examine cytologically the intervarietal crosses, whh'h have already been j)roduced 
at the Hoj ticulturai Research Stations in India and elsewhere. 

3. During nuuosis in the j)oilen-mother-eells the 40 chromosomes regularly 
flair into 20 bivalents in diakinesis, which separate ultimately into 20 homologous 
groups in anafiliase. No multivalent Ibrmation or any other irregularity such as 
chi omosome bridges or lagging chromosomes are seen. Such striking roguhirity in 
jiairing and disjunction of chromosomes during meiosis indicates that the mangoes 
are not autoj)olyj)loids, but are allojiolyploids. Phe good fertility in the varieties 
(the appar(Uit storilit\' varying between 3-16%), further suggests that they may be 
amj)hi diploids. 

Secondary as.^ociatioii and Basic mmiher. — A reference to Table IV shows that 
during raeiotic metajihase, the 20 bivalents aggregate in groups of 4, 3, 2 or 1 to 
form a maximum secondary association into 8 units, indicating residual attraction 
between more distantly related chromosomes (Darlington and Moffet, 1930) and 
emfihasizing the hybrid (alloj)olyploid) origin (Lawrence, 1931) of the mangoes. 
Kecently Thomas and Ilevell (1946) have jmt forward the view that the characteristic 
secondary association between bivalents is due to the ‘fusion between heterochromatic 
regions at ])acli ytene ’ and gives ‘ little indi(‘ation of homology ’. Althotigh ‘ secondary 
association show^s no si)ecilicity ’ they, however, agree that ‘there is a higher degree 
of association between the morphologically similar bivalents’. They moreover 
suggest that in the diy)loid, analysis of secondary association need not indicate 
ctiromosomo relationship, whereas in the tetraploid it may do so, depending on 
‘ (a) the degree of prezygotene orientation, and (fe) the amount and distribution of 
heterochromatin’. In the mangoes, the secondary association gives an additional 
evidence for their allofjolyploid origin, and therefore is not in disagreement wdth the 
above view regarding secondary association in jiolyploids. 
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The maximum association of the bivalent groupings into 8 units indicates the 
basic number for the genus to be 8. Although no species with such low chromosome 
number is now known in Mangifera or any other genera of the family Anacar diace at, 
future investigation may load to the discovery of such a type. The occurrence of 
8 distinct chromosome types in the complement of 40 is a signihcjant corroboration 
for the view that 8 is the basic number (Nandi, 1936; Jacob, 1941). 

The chromosome numbers, determined only in 4 genera of Anacardiaceae, 
show that 3 of them, Ehus (2 sp.), Mangifera (3 sp.) and Semecarpus (1 sp.), have 
respectively 2n = 30, 40 and 60 chromosomes. The occurrence of 30 and 60 
c4iromosome numbers in the allied genera suggests that they might have originated 
from a basic number of 5 or a multiple of 5; but Mangifera is indicated to have a 
basic number of 8. Whether there are two basic numbers in the family or that for 
Mangifera is a derived number can be determined definitely only by further 
observations. 

Evolution of the varieties of mango. — ^Arguments put forward under previous 
headings have established beyond doubt the allopolyploid nature of the mangoes. 
Their ami)hidij>]oi(l origin is also strongly suggested by evidence from regular- 
pairing and good lortility. It therefore apjrears that the primitive type or types, 
which subsequently gave rise to the mango varieties, originated through allo^joly- 
jrloidy and most probably amphidiploidy. The next problem is how so many 
varieties have originated ? 

The morphology of the innumerable varieties shows a gr adual continuous change 
in their charac^ters, inter gr ading in range, as is ex])ected in a polyploid (Crane, 1940). 
Significantly the chr-omosome morjrhology also shows minute intorgrading 
(liffer’cnces in the varietal comx->lement. The phenotypic and the genotypic 
char’acters ther-efore show an interesting parallelism in the slow, intergrading con- 
tinuous changes in their diagnostic features. In view of these cytological evidences 
it is suggested that differ entiation of the varieties from the original type or types 
has irrimarily taken place through gene mutations. The selected type has been 
])res(U’ved under (Motivation through vegetative propagation by grafting. The 
compatibility between the varieties being very close, due to the close similarity in 
their chr omosome moiqrhology, intervarietal hybridization, occurring freely in nature, 
further’ induces the jrioduction of new varieties. The huge diversity in mango 
varieties in India is also to be explained as due to their- cultivation for a long period, 
thereby giving ample oj)portunity for hybridization and for ces of selection to o])erate. 
The occurrence of a large number of variations in mangoes in India sujrports the 
observations of Vavilov (cd'. Darlington and Ammal, 1945) that a cultivated or wdld 
species is exjrected to show the greatest diversity in the ‘mountain-and-valley 
regions nearest the equator’ as has been found by him in the case of various cro}) 
plants. The area of the maximum range of diversity is possibly the centre of origin 
of the S]recie8. 


Summary. 

Tho proseut invoBtigation has shown tliat Mangifera sylvatica, M, calonenra and M, indica 
(iin'lndiiig r>ulti^’ato(i varieties and 1 wild raeo) liav© the samo chromosome nnnxber = 40 
and n ■ 20. The presence of same chromosome nimibor also in majority of tho remaining species 
of Mangifera, is suggested by the evidence of similarity in the pollen size and moi-phology, 
observed in 1 3 species belonging to both tho sections of the genus, as also by their 
phytogeographical distribution . 

The total number of satellites and secondary constrictions in the complements of dilTerent 
species and varieties varies between 8—16 with the size of the chromosomes ranging from 0*4 to 
2*()ja. Another important characteristic is the presence of a large number of chromosomes 
without any ajxparent constriction in each complement. On tho basis of their morphology the 
chromosomes have been distinguished into 11 types, of which 3 are intergrading and 8 distinct. 
An analysis of the karyotypes shows that the varieties of mango and the allied species differ 
from one another mainly in the possession of difi'erent assortments of fhese chromosome typos, 
each complement showing slight intorgrading difference without any sharp discontinuous change. 



302 


8UNJL KUMAK MUKHEEJEE: CYTOLOGIOAL INVESTIGATION OF THE 


The pJi<iiiofr;^'pi(; aad tho karyotypic charactcrfi bIiow an iuterestiug paralloliBin in the slow, 
iiitorgradijig ('ont inviouH (iliaugos in tlioir diagnoatio features. 

The nuinbca- of nuelooli in a somatie coll varies between 8-16 and corresponds generally 
with the !niin}>er of satellited and secondary constricted chromosomes. The varieties have been 
gj ouped into 5 <dasses aecjording to the numl)er of nucleolar cliroinosornes (8, 10, 12, 14 or 16). 
T)u) inorplioJogical (dassi/h-ation of varieties according to fmit-shapt> does not show any 
Bignilicant corndatiou with groujhugs according to nucleolar chromosome nuinbei . 

A comparison of Icaryotypes, however, brings out some interesting corj elations between jjairs 
of varieties and sptKiies, viz. between Shadwalhi and Bomhai^ Kohitur and Fanja Fasandy Alphonso 
and J)n fieri, liinisiujar and Fairie, and Ann pain (Al.indica) and M. aylvatica. 

TIjo nucleoli iji each nucleus have delinitc^ size difference, viz. big, intermediate ami small, 
and they form liomomorpliic pairs in the two lAUcloi in a dyad cell indicating the homozygous 
nature of the vaiieties. 

Although no polyploid scsrit^s of chromosome numbers has been foiuid in the varieties of 
mango anti in t he allied s}Aticit;s, their ])olypioid nature is indicated by the higli number of somatic 
chromosomes and a currt^spondingly high number of nucltiolar chromosomt^H. 

A Jieed for the tjxamiuatiou of moioBis iri intervarietal erosses has btnjn stressed to fiiul out 
if any st^gmenlal int erclange of chromosoinoB lias takon place as in Datura. 

During mt'iosis, tlit' chromosoiiios show a regular jiairing into 2b bivahmts and suhstajutmt 
regular tlisj unction. No mult ivalent formation or any other peculiarity is setai. At nu>ta})haHe, 
the biv'ulouts show a maximum S(icondar\' association into S units. This phenojiuMLoji saiggests 
S as th(^, hasic uumhm- for Mungifera, It is also sujiptirted hy tlio jiiestaice of 8 distinct 
<-hromoBome types. Th<' jm'seiu-e of 2u • ,‘lb aa<l 60 chromosomes in the allied genera RJius 
and iScniccar/rUii respectively HUggx'sts that there may he two basic numbt^rs in Auacardlaccae 
or that S for Muugifera might liavo been derived from 5 or multijik^ of o. 

From the ( viflonces put forward it appi^ars that tho jirimiiive typ(' or typos, which snh- 
se(jAiont;ly gUN o i l o I he mango v arieties, originatcH through allopolyjiloidy , most probably 
tlirough ampiiidiploidy . TIk' diff'eroutiatioii of the numerous v arielies then took place jirimarily 
througli gone mutations, the selected typo being proservaid under cultivation by grafting, d’ho 
coin])atibiIit y I)c4wei'n the varieties bia’ng very close, interval riot a I hylii'idizatiou has boon pi^iuips 
atiolhi'i' imjioi bml fjictoT' in tlu' prodiK tion of new varieties. The huge diversity in the mangoes 
in India is also to he explained as duo to their cultivaxtion here for a long jxuiod, th(‘reby gJvijig 
ampler O])j)ortunity foi‘ liy bridizatiun and forces of selection to operate. 
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BAND SPECTRUM OF ZINC BROMIDE. 


By C. Ramasastry a7)d K. Sreeramamurty. 

(Coirimunicated by Dr. K. Raiigadhairui Rao, F.N.l.) 

(Eeceived Nave tuber 4\ read N overt ther 2o, 1949,) 

INTRODUCTION. 

The band spectrum of the molecule of Zinc Bromide is the least known of tlu’, 
halides of Zinc. The only reported bands in the literature are those obtained 
by Walter and Ban ait (1929) in absorption, 17 of them being measured from 3 1 13 A 
to 3027 A. Howell (1943) examined these bands in the light of his argument that 
the spectra of Zinc halides, resulting from the excitation of the Zn 4s eledron, 
should bo due to a transition in wliich the -tt separation is 2/3(4]), Zn) 

= 386 cm."^ Taking the two strongest of the Walter and Barratt absor])ti()n 
bands at A3071 , ^32553 and A31i0, r 321 45 as the (0, 0) bands of the two component 
systems of the -tt — transition, he suggested a vibratiojial analysis. 

Howell c()nsid(^red that the intensity distribution among the bands was in 
complete su])pof t; of the proposed scheme and aj)pr()ximate values of cv' and o)" 
wore derived to be 250 and 220 units respectively, but an unex})ectod dillicnilty 
arose.', when the Znl bands are considered. The magnitude of the lower state vibra- 
tional frecpioncy, i.o., 220 cni.'"^ is almost nearly equal to the corresponding well- 
established constant of the Znl molecule. Howell was hence led to suspect the 
origin of the Walter aiid Barratt absorption bands and only tentatively assigned 
them to the ZnBr molecule indicating an obvious need for further w'ork. 

Expkrimen tal. 

The aaithors investigated the s])ectrum of Zinc Bromide in emission luider the 
conditions found suitable for the excitation of the other allied hahdes. Chemically 
j)ure Zinc Bromide is taken in a Pyrex dischaj*go tube of simplified design (Rama- 
surstry and K. R. Rao (1947); Ramasastry, 1948) and its characteristic spectrum is 
excited by a high frequency voltage (about IHOv, 8Mc.) applied to the tube by 
moans of extei-nal electrodes. As the molecule responsible for the Walter and 
Barratt’s absor])tion bands Avas somewhat of a doubtful nature, the experiments 
are repeated with two samples of Zinc Bromide, one the post-war B.D.H. j)roduct 
and the other a ])rewar Merck suj)])ly. In both (^ases the spectra obtiiined were 
identical. Preliminary work with Hilger^Medium quartz instrument showed that 
the entire spectrum from 2000 A to 6500 A consisted of only two groups of bands, 
one in tlie near ultra-violet round about 3000 A and the ^othor in the visible. Due 
to the ])resence of many atomic lines of Zinc in the 3050 A region, the first group of 
bands are diflicmlt to be identified at first glance as some of them appear line-liko 
in the low dispersion. This difliculty is, however, got over to a large extent by 
giving a Zinc arc comparison also in juxtaposition with the ZnBr spectrum. Littrow 
quartz spectrograms brought out more clearly the existence of these bands. 

Near Ultraviolet Bands of Zinc Bromide Systems C and D. 

These emission bands are obtained for the first time in the present work. 
Table I contains the wavelength data. The absorption measurements of Walter 
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Table I. 

Near Ultraviolet Batids of Zinc Bromide. 


Band ll<5ad Dala. 

Assignment. 

Ttemarks. 

Walter and 
Barratt 

Authors 

Authors. 

Howell. 


(AhsorjAion). 

(KiuiiSHion). 





A{Int.) 

V 

A(Tiit.) 

V 

System 

Head 

typ«^ 

System 

Head 

type. 


:ni;i(i) 

32114 

311 1*0(3) 

321 28 

CXI, 1) 

c^ 

t 0) 

1’ 




31 11*0(3) 

32143 

(XI, 1) 

B. 




:i 110(1) 

32145 

3108-9(5) 

32157 

<■(<', «') 

c^ 

cxo, 0) 

Q 




3107*0(4) 

32170 

(X9,0) 

U 




:U02(2) 

32228 

3102-3(1) 

32224 

1)(0, 1) 


(1(1, 1) 



:i093(l) 

32322 



11(2, 3) 


0(2, 2) 



3085(1) 

32405 

3081-7(4) 

3244(t 

1>(4, 5) 
CX1,0) 


0(:b 





3075-8(' ) 

32502 





Zn lino also. 



3072*8(2\ 

32535 

1>(0, 0) 

r 




3071(4) 

32553 

3072-0(5) 

32542 

1>(0, 0) 

Q 

I)(0, 0) 


Violet d('graded. 







Zu lino also. 

3008(3) 

32585 



D (1,1) 


H(l, 1) 



3004(2) 

32028 



1>(2, 2) 


1)(2, 2) 



3000(1) 

32670 

3059-0 

(Obd) 

32675 

r>(-‘b 3) 


D(:b 5) 



3050(0) 

32713 

3055*8(8cl) 

32715 

'•) 


B(4, 4) 






and 
I)(4, 4) 








3053-3(0) 

32742 






3052(0) 

32750 

3051*7(0) 

32760 

I)(5, 5) 


I>(5, 5) 





3049*8(0) 

32779(M) 






3048(0) 

32799 



1)(6, 6) 


T)(0, 1) 



3044(0) 

32842 



1>(7, 7) 


D(l, 2) 



3030(0) 

32890 



1>(I,0) 


1>(2, 3) 



3035(0) 

32939 

3035*8( ?) 
3034*8(1) 

32931 

32942 

1)(2, 1) 


I)(3, 4) 



3031(00) 

32903 


l){:b 'd) 


i)(4, 5) 





3030-2(5) 

32991 

CX3, 0) 







3027*9(0) 

33017*) 





0-(jmpo malts. 



3027*5(0) 

33022 [ 





3027(00) 

33020 

3027*0(0) 

33027 3 

1>(4, 3) 


D(5, 6) 





3023-1(1) 

330G9(M) 

1>(5, 4) 




Masked by Znlino. 



3018-3( V) 

33122(M) 







3017-3(1) 

33133(M) 








3013-7(0) 

331 72 A 








3013*2(1) 

33177 f 





(Components. 



3012*9(1) 

331 HO r 








3012-4(1) 

33186 J 








3005*0(2) 

33268(M) 

0(4, 0) 







3002-1(1) 

33300(M) 








2997-8(1) 

33348(M) 








2989-9(2) 

33436(M) 





Isotopic heads ? 



2983*8(1) 

33505(M) 







2982*4(1) 

33520(M) 








2966-5(2) 

33700(M) 





<• 


j^ote — Waveiiiunbers marked (M) are those meaerured only on the Medium Quartz Spectrograms. 



C. KAMASASTRY & K. SREERAMAMURTY : BANT) SPECTRUM OF ZINC BROMIDE 307 


and Barratt are also given in the same table. It could be seen that certain bands 
obtained in emission are not recorded in absorption and vice versa. In obtaining 
the vibrational analysis of these bands the following points of view are chiefiy 
considered. 

1. The assignment of the bands to the ZnBr molecule is supported by the 
authors’ experimental results. 

2. Examination of the relative values of the constants of Zinc halides shows 
that oje" = 220, derived by Howell for the lower state of ZnBr is certainly too small. 
The upper state constant wc ' = 250 is also out of step in the socpieiice of values of 
the constants of the corresponding states of the other Zinc halides (cf. Table 11). 

'J’ABiaj IT. 


Cotistnrifs of iJie Band systons- of Zinc Thduhs occurriny neor the Zjn lines. 


Moloc-iile. 

(0, 0) Baud. 

Av 


w/' 

lipf<a’uu<a‘. 

ZjiF 

id;77-o, :n:i44 

:17() 

597 

\ 520 

JloclK'ster and Olssuu (19.‘19). 


27u:}-s, 


(lUl 

520 


ZuC^l 

3:il)7S 

:i85 

ris 2 

:19I 

Uovjiell (J 9:iS). 


297r><>, 


;iH4 

:i90 


ZnBr 

;i()72-S, 112542 

:i86 

--:i5H 


Present work.* 


;31US-‘), :J2157 


^2H4 

^:3i2 j 



:i07i , :325r);i 

4()H 

^250 

^220 7 

Rowell (194:1). 


:tll0 , 112145 



•• i 


ZaT 

;i277-S, :{(I499 

:i7u 

/-w21 2 

-~220 

Piruv^eu^’auua Rao and K. 






Kao (1945). 


;};ii8i, :i(H2i) 


248 

22.1 

Howell (194:i). 


* F''roiD tho now analysis given in the following pages. 


3. The band system occurs in tho region expended for the Zinc Bromide molecule 
and the electronic width of 408 cm.“i deduced by Howell is of the correct order 
of magnitude. 

4. Tlu^ ground state vibrational frecpicncy of ZnBr should lie between 390 of 
ZnCl and 223 oi* Znl. This range could further be narrowed dow n (Ramasastry, 
1949) as this constant should have a value interruediate between those of CuBr 
(o)/' = 314) and GaBr {w/' = 263). 

5. Two component systems of "n-— ‘"^27 transition sliould ocoir and the main 
difficulty in the analysis is presumed to have arisen from the overlapping of the 
two component systems. 

8trix)s (a) and {b) of Plate XI are the enlargements of t hese bands from tho 
Medium and I^ittrow Quartz sf)ectrograms res])ectively. Tliese consist of (1) a 
group of four headless bands in tho 31 lOA region, (2) a definitely violet degraded 
band at 3072A with a weak P-head accompanying it, (3) a few other diffuse bands, 
some of these showed four components when seen under high magnification. Con- 
sidering the band at A3()72, ^32542 as the (0, 0) of one (‘omx)onent system and the 
intense head at A3108-9, v32157 of the 3110 group as the (0, 0) band of the other 
component system, tho sej)aration between the (0, 0) bands is obtained as 
386 cm.~i which agrees well with the predicted ^tt width of 386 cm.'i. 
On tliis basis, the four bands of the 3110 group are to be interpreted as R and Q 
heads of the (0, 0) and (1,1) bands. This interpretation and the presence of a weak 
P-head accompanying the band at 3072 A are con^igt^nt wdth the transition. 
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The diffuse bands, present on the plate, form into a regular progression with the 
(0, 0) band at 31 OS-sA, r32157 as the first member. The vibrational sclieme is shown 
in Table 1. This component system of the — transition is designated as 
system C in conformity with the d(5signations of the banrl systems of the other related 
molecules. The lower state frequency is about 312 cm.“i which is of the corre(*t 
order of magnitude. Tlie component heads observed in the diffuse bands may be 
of isotopic origin. 

System J>. 

The faint band at A3 102-3, v32224 may now bo considered as the (1,1) band of 
the second component system (hereafter referred to as system D), giving a lower 
state w value of a,bout 318 cm. “3, with the (0, 0) band at A3072 0, v32542. Thus 
this system consists of only these two bands in emission. 

Intensity considerations, namely that one of the component systems of the 
transition is poorly developed in the case of the other halides of Zn, Cd and 
Ilg, also support this analysis. Furthei*, the bands obtained by Walter and Earratt 
in absorj)tion but not recorded in emission in the present work could also be fitted 
into the above analysis. The new classification of th(^ Walter and Earratt absorj)- 
tion data is shown in Table I togethei' with t hat of Howell. 

Of the two components of the transition, one is developed better in 

absorption and the other better in (unission. The absorption and emission data, 
are chieliy com|)lomentary ; there are of course a few common bands. The vibra- 
tiomil constants for both t he (*.omponent» systems and the electronic width are 
of the correct order of magnitude. 

It has not been possible to inchule in the above analysis some of the diffuse 
bands occairring at th(^ short wav^elength end. It may be significant to note that 
about five bands starting with r33I 80 are approximately equally spaced at intervals 
of about 83 cm."^ and as, in all ju’obability, these bands also belong to ZnEr, they 
jiiay form another system altogi^ther different from the two comx)onent band systems 
0 and I) of ttie -tt — -Z" transition. There is need hero for further investigation; 
pa.rtieularly absorption pictures may prove to bo of considerable help. 


Tabi.k 111. 

Hand }Ic(id d,(tL(t of Vitfihle, Hands of Zn Hr. 


WHvo](^iigtn. 

Jut. 

Waxen mniboT. 

Wavolcnglh . 

lul. 

Wavoiniinb(‘r. 


1 

2 :;r>oo 

3924-0 

>■> 

25477 

;{()•() 

1 

23034 

04-0 

2 

25008 

04-0 

1 

2378(> 

3885-5 

2 

25729 

4181-.5 

1 

23908 

05-0 

3 

25800 

60-5 

1 

24029 

40-5 

3 

25990 

40-0 

1 

24148 

2()-0 

2 

20130 

17-5 

J 

24280 

07*5 

3 

20257 

409 :ur> 

! 

24422 

3789-0 

2 

20385 

70*5 

1 

24500 

71-0 

o 

26511 

49-0 

J 

24691 

52*5 

1 

26041 

28-() 

2 

24819 

35-0 

1 

20706 

06-0 


24956 

17-0 

1 

26896 

3988-0 

‘> 

25068 

3699-0 

1 

27027 

66-0 

<■} 

25207 

80-5 

1 

27163 

45*5 


25338 

04-0 

1 

27204 
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The ‘ Visible * Bands, 

The visible bands obtained in the present work extend from 4500A“3600A. 
Tlioy are Toprodneed in strip (c). The direction of degradation is clearly towards 
the i’(k 1 but owmg to the weak intensity of the bands and a general continuum 
covering them up, there is not much of contrast and consequently about 30 band 
heads only could be measured on the Hilger Medium Quartz and Fuess Glass spectro- 
grams. The heads are not quite sharp excepting a few inchvidual cases near 3 850 A 
and the measurements wliich may be (correct to an Angstrom unit are given in 
Table JIT. 

The band heads are located at approximately equal intervals of 130 cm.“i 
Some of tliese bands showed jmrtial resolution of rotational structure under the higher 
dispersion of the sj3ectrograj)h. These ‘visible bands’ of ZnBr resemble, in their 
appearance, those of CdCd (Ramasastry, 1947), CdBr (Ramasastry, 1949) and ZnCl 
(from unpublished results of this laboratory), while the ‘visible bands’ of HgCl 
HgBr, Hgl, Cdl, and Znl have an altogether different appearaiuio. 


Summary. 

Tlio ('harartoriBtic: omiBBion band Rjioctriiin oi Zim* }b(.mi(l(' laolrciilo is rec orcicd for tlio 
fli'st tijiio ajicl it is I'uiiiicl to consist of mainly two ^oonj s of baiids, one iJi tlie lU’ar ultraviolet 
frun» lillOA to 29S0A and the other in th(‘ v isible'. The near nltrax io!(d bands n})]^ear liko 
diffuse' lines and are analysc'd into two ( orujiunenl sti lus, (J aiid I>, of a - tt- "27 oJoetTonic 
t ransition with a width of 98G ein.-l and the following vibrational coiLstants: 

(0, 0) band Me* 

System C 32ir>7 ^312 ^280 

System D 32542 ^318 350 

'14ie absorption data of Walter and Barratt could easily be titt('d into the abov'C analysis. Tho 
omission data, (ya'osenti work) and tho absorjdioTi data (Walter and Itarrutt) are ehiotly eom- 
plhnontary; there are of course a few common hands. 

Measutnnients of about 30 red-degratled bands of ZuBr from 450eA to 3G00A are also given 
and a rtH iuTing interval of 130 or 260 em.-l is indicated. 
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F*rof. (!. Joshi (lloshiM-rpur). 
Di‘. 8. Krishnn (DtJu'a Dun). 


Prof. H. C. Majmndar (DtJhi). 
Dr. >1. R. Mel.rii ( Allaha}>ad). 
Mr. G. R. Paranjp(\ (Poona). 
Prof. Ik Pari j a (llanaraa). 

Dr. Tj. a. Raindas (Poona). 
Mr. J. M, Sen ((Uileutta). 

Prof. N. R. So7i ((^aleutta). 

Dr. P. V. Sukhatmo (Delhi). 
Dr. A. C. Dkil ((^nleutta). 


The folloAving FelloAvs were admitted undtir provisions of .Rule RP — 

Di*. S. Iv. (diakrabart V. 

Dr. K. N. CJhosh. 

Dr. K. Mil ra. 

Mr. G. G. Mittor. 

Prof. Ck Racine. 

Dr. 8. B. Setna. 


The Secretaries presented tlie Report of the Council for the year 1949 {vide 
page !1] 5). 

The Report Ava,s adopted. 

The President, Prof. S, N, Bose, then delivered a short address^ extempore, 
the summary of which is as follows: — 

He thanked the Fellows for his re-election for a second term. He gave a 
short review of the work of the .Institute during the past year and laid stress on the 
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good work that the Institute was doing in distributing Fellowships to scholars 
attached to different research institutions. Ho was glad to note that the scheme 
of fostering research was bearing good fruit and that a number of* interesting 
papers had already been published during the year by the scholars of the Institute 
which had been received favourably in the scientific world. ho])ed that with 
more generous grants from (government, the Institute would bo able to contribute 
substantially to t he cause of scientific progress in India. 

He remarked that the Institute had felt the need of a home of its own at its 
headquarters for some time, and he was glad to be able to report that^ the negotia- 
tions for the acquisition of land on lease were complete and a suitable grant for t he 
construction of a building, had also been received from the Government. During 
the year under review, a number of Fellows of the Institute had attended different 
international congresses and conferences in various countries and he hoped that, 
in future, this would continue and more Fellows would be able to go abroad and 
thereby promote goodwill and co-operation in the scientific world. He was glad 
also to know that a number of scientists of eminence from abroad were attending 
the Science Congress and had come also as visitors at the Annual Meeting of the 
Institute. Ho extended to them a very cordial welcome and hoped that their visit 
and their presence would give (uiduring stimulus to scientific activity in the 
country. 

In the absence of authors, the following papers were taken as read: — 

(1) A critical Evaluation of qucMio7i of Cytoplmniic Inheritance in Yea<st'< 

by M. K, Subramaniam. (Communicated by Dr. S. L. Hora.) 

(2) The Enibryo-mc of Fritillaria, liliacea by J. S. Agarwal. (Communicated 

by Prof. P. Maheshwari.) 

(3) Lmnirmcence. S'pecira of Alkalihalides by H. N. Bose and J. Sharma-. 

(Communicated by Prof. 8. N. Bose.) 

(4) The Develojmicnt of the Vertical colmnn in the Tk/mesUc Fowl by Sivatosh 

Mookorjeo. (Communicated by Dr. S. L. Hora.) 

(5) Mallophaga infesting Birds in the Punjab by M. Atiqur Rahman Ansari. 

((fommuni(;atod by Dr. H. S. Pruthi.) 

(6) On the Deternimation of acoustic Influence by Curve Width Method by R. G. 

Chatterji. (Communicated by Dr. R. N. Ghosh.) 

(The papers after refereeing, if found suitable, would be published in the Pro- 
ceedings of the institute.) 

I)r. S. B. Setna delivered the Chandrakala Hora Memorial Modal Lecture on 
Growth of Fishery Industry : Side-lights on Fifteen years' work. 

The Symposium on Operational Research in Peace and in War organized by 
Prof. 1). 8. Kothari was then held. Prof. D. 8. Kothari, Major-General Williams, 
Prof. K. B. Madhava, Dr. P. V. Sukhatmo, Dr. R. 8. Varma and Mr. J)ilwali took 
part in the discussion. 
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The Council of the National Institute of Sciences of India have the pleasure in 
submitting the following report on the general concerns of the Institute for the year 
1949, under provisions of Rule 48(/). 

M ember shij). 

Out of 238 Ordinary Fellows at the close of the previous year, one died, two 
resigned, and the names of four (Dr. C. F. C. Beeson, Mr, C. C. Calder, Sir Arthur 
Olver, and Lt.-Col. J. A. Sinton) were struck off the list under Rule 36. Fifteen 
new Fellows wert^ elected, but the tdection of one bc^came null and void because of 
his failure to pay the admission fee within the pc^riiKl laid down in Rule 9. At the 
close of the year the number of Ordinary Fellows thus stood at 245 (Appendix I). 

In addition to 24 Honorary Fellows listed in Appendix ], the following four 
were elected during the year : — 

1. Dr. Louis do Broglie, Professor of Theoretical Physics, Poincare Institute, Sorboriixe, 

Paris, Franco. 

2. Prof. Hans von Euler, Professor of Chemistry, Stockhohn University, Stockholm, 

Sweden. 

.‘k Dr. Harlow Shaploy, Director of Harvard University Observatory and President , 

American Science Association, Cambridge, Mass., U.S.A. 

4. Professor Georg Tischler, Botanical Institute, University of Kiel, Berlin, Germany. 

Si-ops have been taken to confer on them tlio Honorary Fellowship of the 
Institute through diplomatic channels. 

Meetir}(js. 

The Fouri-eenth Annual General Meeting was held in the Vr/ianagram Hall 
of the Allahabad University on 4th Jamiary, under th(^ presidentship of 
Dr. S. S- Bhatnagar. His Presidential Address contained a r6sume of developments 
in scientific research in tlio previous year. 

There wtm? fivc^ Ordinary General Meetings at which papers wore read and 
discussed. The symposia organized were three: — 

January 4 (Allahabad) . . Stellar Constitution — organized by Prof. A. C. Banerji. 

March 4 (Calcutta) . . Weights and Measures — orgaiuzod by Prof. S. K. 

Mitra. 

May (i (Bangalore) . . The present position of research in Cytology, Ceneti( s, 

and Plant Breeding in India — organized by Dr. S. P. 
Agharkar. 

The following lectures were also delivered at the Ordinary General Meetings: — 

August 5 (Bombay) . . Smokeless Scientific Ovens for the Masses, by Dr. S. P. 

Kaju. 

October 6 (Delhi) . . Atomic Clocks, by Dr. K. S. Krishnan. 

The last-mentioned lecture was followed by the exposition of a technicolour film 
entitled ‘Crystals go to War’, which was obtained by the courtesy of Mi^ssrs. 
Toshniwal Bros., Ltd., of Bombay. 

In addition, the following special lectures were delivered : — 

January 14 (Delhi) . . Research Organization, by Sir Henry Tizzard, Chair- 

man, Advisory Council on Scientific Policy, Great 
Britain. 
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January 21 (Delhi) . . Solar Magnotiflm, by Prof. Sydney Chapman, Sedleian 

Professor of Natural Philosophy in the University of 
Oxford. 

Receptions were held in the Delhi University Hall to enable the Fellows of the 
Institute to meet Sir Henry Tizzard on 14th January, Professor Sydney Chapman 
on 21st January, Dr. G. B. Lai (Science Editor of Hearst Newspapers) on 4th 
February, and Delegates to the Defence Science Conference on 22nd April. 


The Council. 


The office-bearers and members elected at the Fourteenth Annual General 
Meeting together with representatives nominated by the Co-operating Academies, 
the Indian Science Congress Association and the Government of India constituted 
the Council for the year. They were : — 


President 
Vice- Presidents 

A ddit i o mil V ice - Presiden ts 


Treasurer 

Foreign Secretary . . 
Secretaries 

Editor of Publications 
Members 


Ex-ojftcio Memibers ( Past Presi- 
dents) 


A dditiona I Mem bers 


Rejwesentaiivc oj Government of 
India. 


Prof. S. N. Boso ((!!alcutta). 

Prof. A. C. Banorji (Allahabad). 

Major-Gonoral S. S. Sokliey (Bombay). 

Dr. D. R, Bhattacharya (Allahabad), 

Dr. K. S. Krisliiiau (Delhi). 

Dr, W. D. West (Calcutta), 

Reprosoritativo of the Tudiau Academy of Sciences 
(nomination not received). 

Dr, C. G. Pandit (Delhi). 

Dr, J, N. Mukherjee (Delhi), 

Prof, D. S. Kothari (Delhi). 

Dr. H. S. Pruthi (Delhi). 

Dr. S. L. Hora (Calcutta), 
prof. K. N. Bagchi (Calcutta). 

Dr. S. K. Banorji (Delhi). 

Mr. S. Basil (Poona). 

Prof. H. J. Bhabha (Bombay). 

Prof. S. K. Bose (Calcutta). 

Dr. B. B. Dey (Madras). 

Prof. A. C. Joshi (Hoshiarpur). 

Dr. S. Krishna (Debra Dun). 

Dr. K. S. Krishnan (Delhi). 

♦Dr. H. R. Mohra (Allahabad). 

Prof. S, K. Mitra (Calcutta). 

Dr. B. Mukerji (Calcutta). 

Mr. G. R. Paranjpo (Poona). 

Dr. M. Prasad (Bombay). 

Prof. J. M. Sen (Calcutta). 

♦Prof. N. R. Sen (Calcutta). 

Dr. A. C. Ukil (Calcutta). 

Dr. S. S. Bhatnagar (MG7 and 1948) (Delhi). 

Dr. R. N. Chopra (1939 and 1940) (Jammu). 

Dr. J. C. Ghosh (1943 and 1944) (Delhi). 

Dr. Baini Prashad (1941 and 1942) (Delhi). 

Prof. M. N. Saha (1937 and 1938) (Calcutta). 

Dr. D. N. Wadia (1945 and 1946). 

Dr. B. S. Guha (Cakmtta). 

Prof. B. Sanjiva Rao (Bangalore). 

Dr, P. L. Srivastava (Allahabad). 

Representative of the Indian Academy of Sciences 
(nomination not received). 

Dr. C. G. Pandit. 


During the absence of Dr. S. L. Hora from India, Prof. J. M. Sen was appointed 
to act as Editor of Publications. 


♦ Dr. H. R. Mehra and Prof. N. R. Sen were appointed by the Council to fill vacancies 
created by the election of Prof. A. C. Banerji as Vice-President and of Dr, C. G. Pandit as 
Treasurer. 
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The Sectional and other Committees appointed by the Council are shown in 
Appendix II. The Council hold six meetings. Some important resolutions passed 
by the Council are given in Appendix III. 


Rnles of the. Instil tite. 

The Rules o(‘ the Institute wore revised in the light of experience gained in the 
working of the Institute for the last thirteen years. The anuaidod Rules will come 
into effect from 1st February, 1950. 


Hepresmtations on Scieritific Bodies. 

Prof. A. C. Banerji, Prof. S. R. Bose, Prof. T>. S. Kothari, Dr. M. S. Kjrishnan, 
and Dr. Balni Prashad rej)r(^sonte(l the Institute on the Scientific Sub-Commission of 
th(^ Indian National Commission set up for co-operation with UNESCO. 

Dr. K. S. Krishnan, Prof. M. N. Saha, and I)r. D. N. Wadia wore norninatod to 
r(^presont the Institute on the Central Board of Geophysics. 

Prof. B. B. Dey and Prof. D. S. Kothari wore nominated for the year ending 
3l8t March, 1950, as representatives of the Institute on the Council of the Indian 
Association for the Cultivation of Science, Calcutta. 

Dr. S. L. Mora, Prof. 1). S. Kothari, Prof. Baini Prashad, and Prof. J. M. Sen were 
nominated to re];)resent the Institute on the Committ(H) (jonstituted under the 
joint aus])ices of the Council of Scientilic; and Industrial Research and the National 
Institute of Sciences to draw up iiiMructlons for authors of scientific- papers in the 
light of the recommendations of tlu^ Royal So(aety Scientific Information Conference. 

The representatives on the Indian Standards Institution, of which the National 
Institute is a sustaining member, wore as follows: — 

General Council . . . , Mr. O. Tl. ParaiLjpo. 

Chemical Division . . . . T>r. 73. Mukorji (princ ipal) and Prof, K, N. Jiagclii 

(aliornativo). 

Weights and Measures Go nimitlee Prof. S. K. Mitra (prinei})al) and Mr. G. C. Mittor 

(aliornativo). 

Fresh representations were made to the Government of India to declare the 
National Institute as the bmly adhering on behalf of India to the International 
Council of Scientific Unions, iiointing out that India’s }:)laco should be rather with 
32 scientifically advanced countries affiliated through national organizations corre- 
sponding to the National Institute than among the eight who have no National 
Academy or Institution to represent them, and that India cannot derive full benefit 
of her association with International Scientific Unions until corresponding National 
Committees are organized. Tlu^ Govtanment of India have intimated the Prime 
Minister’s decision to the effect that for the present the procedure now followed, 
under which the initiative in dealing with International Scientific Unions rested 
with the Department of Scientific Research and the Department w^as advised at 
each stage's by the National Institute, should be given a trial and the whole question 
could bo reviewed at some later date when financial circumstances were more 
favourable. 

Besides the International Council of Scientific Unions, India is now adhered to 
International Unions of Astronomy, Geodesy and Geojihysics, Geography, Pure 
and Applied Physics, Chemistry, Radio Sciences, Biological Sciences, Crystallo- 
graphy and History of Science with their allied Associations and Commissions, 
and the question of joining the Union of Pure and Applied Mechanics is under 
consideration. The National Institute is consulted by the Government on all 
matters relating to India’s adherence ; it is kept in touch with the activities, of the 
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vorioijs unioas by the (Government and also by the Foreign Secretary who is, in 
his personal capacity, a member of the Executive Committee of the ICSU, 


Ddec/ations to International Conferences. 

Fellows of the Institute represented the Government of India at various Inter- 
national Conferences during tlio year under report: — 

1. United Nations Seientifie Conforonco on the Conservation and Utilization of Ro- 

souref^R, A npjust- September (Lake Success, Now York) — Ur. S. S. Bhatnagar 
(Loader), Ur. J. C, (^hosh, Ur. S. L. Hora, Dr. M. S. KriHhnan, Prof. P. C. Maliala- 
nobis, and Ur. J. N. M\ikhorjoo. Ur. Bhatnagar also roprosontod the National 
Ijistituto. 

2. XJjiitod Nations Kducational, Scientific and Cultural Organization — 4th General 

Assembly, Soptember-October (Paris) — Ur. J. C. Ghosh. 

:L United Nations Kducational, Scientific and Cultural Organization— Conference on 
problems of Nature Protection, August (Lake Success, New York) — Ur. S. L. Hora. 
4. XTnited Nations Educational, Scientific and (kiltural Organization — Committee to 
examine probkmis of abstracting of liL^rature in the field of Physics and related 
Sciences, Uecember (Paris)- -Ur, S. K. Banerji. 

T). United Nations Statistical Commission, April -May (Geneva)— Prof. P. C. 
Mahalanobis. 

f). United Nations Sub-Commission on Statistical Sampling, September (Genova) — 
Prof. P. C. Mahalanobis. 

7. Internai ional Council of Scientific'. XTnions — General Assembly, September (Copenhagen) 

— Ur. J. C. (Biosh and Ur. J. N. Mukherj€>e. 

8. Seciond International Congress of Croj) Protection, July (London) — Ur, S. S. 

Bhatnagar. 

9. International Organization for^ Standardization, June- July (Paris) — Ur. L. C, 

Verm an, 

10. Second Iniernational Biometric* (yonferonco. International Population Union, Aiigust- 

Soptomber ((ieueva) Pj'of. P. C. Mahalanobis. 

11. Biennial Session of tlie International Statistical Institute, Soptemiber (Berne) — 

Prof. P. C. Mahalanobis. 

12. Canadian Mathematical Conference, August -September (Vancouver) — Prof. H. J. 

Bhabha. 

13. fndo-Pacifict Fisheries ('Council, March (Singapore) — Ur. Baini Prashad. 

14. International Phyto-Saidtary Conference (Rubber) for South-East Asia, February 

(Singapore) — Ur. Ik B. MuTidkur. 

15. International Phyto-Sanitary Conference for South-East Asia, April (Singapore) 

— Ur. 11. S. Pruthi. 

10. IntorFiational CoTiferenco on Science Abstracting, June (Paris) — Ur. S. Bhaga- 
vantam . 

17. Intcjrnational Biochemistry Conference, August (London) — Ur. B. B. Uikshit. 

Ur. B. C. Guha was elected Chairman of the Section on Vitamins. 

18. Statistical Conference for South-East Asia (Siuga.i)ore) — Ur. P. V. Sukhatino. 

19. Fourth Empire Mining and Metallurgical Congress, July (Great Britain) — 

Dr. W. U. West. 

Dr. 8. Krishna, Dr. B. P. Pal and Mr. V. P. Sondhi woro rnombors of the Indian 
Sciontili(' Delegation sent by th(^ Govornmont of India, at tho invitation of the 
Australian Government, to visit important research centres in that country from 
21st F(d>ruary to 4tli April. 


In siituie Bn ildmg . 

Tho Department of Scientific Research has kindly provided funds to pay 
tho premium required by the Ministry of Works, Mines, and Power for the 3-acro plot 
alloUfHl for the Institute Building, and a perpetual lease agreement has been signed. 
The ground rent for the first year also came from the same source, and a request 
has been made to increase correspondingly tho recurring Government grant to the 
Institute. 
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It was originally intended to undertake, in the first instance, the construction 
of a main block comprising, on the ground floor, an Assembly Hall, an Entrance 
Hall, five Working Rooms, a Council Room, a Hall leading to the Council Room, 
and Library Rooms on the first floor. This was estimated to cost about 
Rs.4,0(),()()0, while the Government grant at disposal was Rs. 2, 20 ,000. On the 
Ministry of Finance insisting upon the Institute restricting the initial construction 
to what (jould be done within the funds available to be comjdc^te with essential 
services, furniture, fittings, etc., it was decided to build for the time being the 
ground floor only minus the Council Room. Our archite(;ts in Bombay and the 
C.P.W.D. thought that the ground floor without the Council Room could b(^ built and 
furnished within the Governmenf- grant, but quotations rec^eived from some leading 
Government contractors indicated that their charges would be nearer three lakhs 
than two lakhs, excluding the cost for (\ssential servicers, furniture^ fittings, etc. 
On account of tlui prevailing financial stringency the Government are not prepared 
to increase the grant for the time being, and the only alternative of simplification of 
designs and S])eciti cations is being resorted to. The architects are being pressed to 
give toj) priority to this job, and tlie Council hoj)e that construction work would be 
undertaken early in Now Year. The Council shan^ the general regret that much 
time had been wasted over preliminaries. 


Publications. 

Eight numbers of Vol. XV of the Prorerdiugs, about 420 pages, and three 
numbers (2, 3, and 4) of \\)1. HI of the Transactions^ totalling 144 pp., were published 
during the year. The list of Contents and Imh^x of \"ol. XIV of the Proceedings 
was also distributed. 

It is proposcnl to replace the Indian Science. Abstracts^ the publication of whicdi 
has been under suspension since 1939 as a measure of paper economy, by a Report 
on the Progress of Science in India. The decade 1939-48 will bo covered in one 
volume, and from 1949 it will bo an annual publication. 


Consolidated Report on the Worhmg of Scientific histitutions. 

At the instance of the Department of Scientific Research, a consolidated report 
on the working of scaentific institutions — official and non-official — during 1947-48 
was prepared for publication by the Ministry of Education. 


Library. 

About 400 books and pam})hlets Avero added during the year. Twenty-four 
more InstitutiouB agreed to exchange their publications with those of the Institutes, 
which include: — 

1. Royal Irish Academy. 

2. Royal Society of Canada. 

3. National Research Counxal of Egypt. 

4. New York Academy of Sciences. 

5. California Academy of Sciences. 

A complete list of periodicals received is given in Appendix IV. 

National Register of Scientific and Technical Personnel. 

On completion of the compilation of materials received by the Institute, the 
work relating to the National Register, with all records, has b(H)n taken over by the 
Council of Scientific and Industrial Research, 
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Orant-in-aid of Publications. 

It was decided to extend help to publications of learned societies to the aggregate 
of Rs. 15,000 during the financial year 1949-50 as follows: — 


1. 

Royal Asiatic Society of Bengal . . 

Rs. 

500 

2. 

National Academy of Sciences, India 

. . 1 ,000 

3. 

Indian Science Congress Assoclaf-ion 

. . 1 ,450 

4. 

Indian Science News Association 

. . 1 ,000 

5. 

Current Science Association 

. . 1 ,000 

6. 

Indian Statistical Institute 

500 

7. 

Indian Mathematical Society 

500 

8. 

Calcutta Matlunnatical Society 

500 

9. 

Banaras Mathematical Society 

300 

10. 

Indian Physical Society 

700 

11. 

Indian Chemical Society 

500 

12. 

Society of Biological Chemists, India 

30f) 

13. 

Institution of Chemists (India) 

600 

14. 

Geological, Mining, and Metallurgical Society of India 

300 

15. 

Indian Ecological Society 

200 

16. 

Indian Botanical Society 

700 

17. 

Indian Society of Genetics and Plant Breeding 

200 

18. 

Entomological Society of India 

500 

1>9, 

Indian Institute for Medical Resea rdi 

400 

20. 

Indian Anthropological Institute . . 

200 

21. 

Indian Society of Agricultural Statistics 

400 

22. 

National Googra])hical Society^ of India 

500 

23. 

Physiological Society of India 

200 

24. 

Zoological Society of India 

. . 800 

25. 

Indian Pharmaceutical Association. 

700 

26. 

Indian Psychological Association . . 

200 

27. 

Indian Institutes of Metals 

400 

28. 

Indian Dairy Science Association 

250 

29. 

Indian Phytopathological Society . . 

200 


The Department of Scientific Research of the Govei 


a])j)roa(died to use their good offices for proeurint 
quality for jiublications of scientific societios. 


nment of India was also 
printing paper of the required 


Grants-in-aidf to Learned Societies from the (^enlral Govermnent. 

From among the Societi(\s which approached the Instit^ite for obtaining 
grants-in-aid from the Government funds, the following were recommended during 
the year: — 

1. The Current Science Association, Bangalore. — A recurring grant of 

Rs.2,500 to enable the Association to convert ‘Current Science’ from 
a Monthly into a Fortnightly. 

2. The Indian Physical Society, Calcutta. — A recurring grant of Rs.2,500 

in support of the Society’s journal converted from a Bi-monthly into 
a Monthly. 

3. The Indian Science New^s Association, Calcutta. — A recurring annual 

grant of Rs.33,000 for three years; Rs. 10,000 for improvements in 
‘Science and Culture’ and R8.20,000 for its Hindi edition; Rs.3,000 
for bringing out special monographs. 

4. The Indian Institute of Metals, New Delhi. — A recurring annual grant of 

Rs.SjOOO in supnort of its ‘Transactions’, 
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5. Tho Zoological Society of India. — non-recnrring grant of Rs. 2,000 to 

maintain regular publication of its journal. 

6. The Entomological Society of India. — A non-recurring grant of Rs. 1,000 

for bringing the publication of its journal to date. 

7. The Mining, Geological, and Metallurgical Institute of India, Calcutta. — 

A non-recurring grant of Rs.5,000 for bringing arrears of publication 
to date. 

8. Tho Physiological Society of India. — A non-recurring grant of Rs.l ,000 

in support of its journal converted from a Half-ja^arly into a Quarterly. 

National InMitute. of Scimces of India Research Felloivshipei. 

Of the four Senior Research Fellows remaining at the close of last year, T)r. P. N. 
Bhaduri (Botany) and Dr. K. Subba Rao (Ohornistry) comj)letod their respective 
terms, and Dr. S. D. Chatterjee (Physics) resigned after a year on obtaining a post- 
doctorate research fellowship of the Nat ional Research Council of Canada. l)r. A. P. 
Kapur (Zoology), who was selected against a vacancy arising in 1948 through the 
refusal of Dr. L. S. Ramaswami, joined on 27th April, and n^sigiu^d with effect from 
Ist July, 1949, on being appointed at the Zoological Survey of India. 

Out of 1 1 Junior Research Fellows at work in the beginning of tlu^ year, ])r. C. 
Dafta (Botany) and Mr. P. A. R. Iyer (Zoology) completed their terms, Dr. N. K. 
Sarkar (Chemistry) resigned to proceed overseas and Mr. U. R. Burman and Dr. P. C. 
Mukharji were selected for award of Senior Research Fellowships. 

Four Senior and seven Junior Research Fellowships wore awarded during tlu^ 
year. One Senior Pesearch Fellow resigm^d within threes months and one Junior 
Fellow did not accept the offer. The vacmicies were filled from the waiting list. 

The following 10 Senior and 18 Jiniior Resent rch Fed lows were carrying on 
resocarch at places mentiemod against their lutmcs eluring the year: — 

I. Senior Research Fellonships, 

(a) A warded in previovs years — 

1 . Dr. P. N. Bhaduri (Botany). Calcutta University, Calcutta (up to 

February 19, 1949). 

2. Dr. K. Subba Rao (Chemistry). Central CeJlege, Bangalore (up to 

July 24, 1949), 

3. Dr. J. Bhimasemachar (Physics). Andhra University, Waltair. 

4. Dr. S. Chatterjee (Physics). Bose Research Institute, Calcutta (up 

to September 1, 1949). 

5. Dr. A. P. Kaxnir (Zoology). Zoological Survey of India (up to 

June 30, 1949). 

(h) Awarded in 1949 — 

6. Mr. U. R. Burman (Mathematics). Calcutta University, Calcutta. 

7. Dr. A. B. Kar (Physiology). Central Drugs Laboratory, Calcutta. 

8. Dr. S. M. Mukherji (Chemistry). Calcutta University, Calcutta 

(up to August 19, 1949). 

9. Dr. K. V. Srinath (Botany). Central College, Bangalore. 

10. Dr. P. C. Mukharji (Chemistry). Calcutta University, Cajcutta 
(vice Dr. S. M. Mukherji resigned). 

II. Junior Research Fellowships. 

Atvarded in previous years — 

1. Dr. C. Datta (Botany), Calcutta University, Calcutta (up to 
February 7, 1949). 
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2. Mr. P. A. R. lyor (Zoology). Central College, Bangalore (up to 

January 31 , 1 949). 

3. Dr. N. K. Sarkar (Chemistry). Calcutta University, Calcutta (up to 

February 28, 1949). 

4. Mr. V. R. Thiruvenkatachar (Mathematics). Central College, 

Bangalore. 

5. Mr. B. K. Banerjea (Physics). Calcutta University, Calcutta. 

6. Mr. U. R. Burman (Mathematics). Calcutta University, Calcutta 

(up to May 16, 1949). 

7. Mr. K. Das Gupta (Physics). Calcutta University, Calcutta. 

8. Mr. 8. D. Misra (Zoology). Lucknow University, Lucknow. 

9. Dr. P. C. Mukharji (Chemistry). Calcutta University, Calcutta 

(iij) to October 16, 1949). 

10. Mr. 8. Ueda Raman (Chemistry). Indian Institute of Science, 

Bangalore. 

11 . Mr. Y. Sunder Rao (Botany). Government College, Hoshiarpur. 

12. Dr. P. N. Agarwal (Chemistry). National Chemical Laboratory, 

Poona, (vice Mr. T. M. Mahadevan (Geology) who did not accept 
the oiffer). 

13. Miss Ira Bose (Zoology). Calcutta University, Calcutta. 

14. Mr. 8. Datta Maju radar (Physics). Calcutta University, Calcutta. 

15 . Dr. 8. G. »Toshi (Chemistry). Maharashtra Association for the 

Cultivation of Science, Poona. 

16. Mr. D. K. Mukherji (Botany). Indian Agricultural Research 

Institute, New Delhi. 

17. Mr. K. Subrainanyam (Botany). Central College^ Bajigalore. 

IS. Mr. B. Sukhatme (Mathematics). Indian Council of Agricultural 
Research, New Delhi. 

Ini'perial Chonical I'tidvMries (Ivdia) Rewirch FeUovjship.s, 

Of the seven ICI R(^search Fellows remaining at the close of pr(‘wious year, 
Dr. R. G. Chatterjee (Chemistry) resigiKnl before the expiry of his term on getting 
an a})pointment in the Bengal Fducational 8ervi(^e. Seven fr(?sh awards were made 
during the year, thr(H> of whidi were to fill vacancir^s arising from rr^signation or 
non-acceptance. 

The following 14 ICT Fellows were carrying on research at places mentioned 
against their names during 1 949 : — 

(a) A ivarded in previons yeai's — 

1 . Mr. 8. P. Basil (Biology-Zoology). Zoological Survey of India, 

Calcutta. 

2. Mr. H. N. Bose (Physics). Calcutta University, Calruitta. 

3. Dr. R. G. Chatterjee (Chemistry). Calcutta University, Calcutta (up to 

July 1, 1949). ' 

4. Mr. T. V. Desikachary (Biology-Botany). Madras University, Madras. 

5. Mr. J. Mitra (Biology -Botany). Calcutta University, Calcutta. 

6. Mr. T. V. R. Pillay (Biology-Zoology). Zoological Survey of India, 

Calcutta. 

7. Dr. C. V. Subramanian (Biology-Botany). Madras University, Madras, 

(h) Awarded in 1949 — 

8. Dr. S. N. Ghosh (Physics). Calcutta University, Calcutta. ^ 

9. Dr. L. R. Row (Chemistry). Andhra University, Waltair. 
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10. Dr. A. K. Chakravarti (Biology -Botany). Calcutta University, 

Calcutta. 

1 1 . Dr. A. P. Mahadevan (Chemistry). University of Madras, Madras (up to 

October 22, 1949). 

12. Dr. C. Ramasastry (Physics). Andhra University, Waltair. 

13. Dr. K. K. Reddi (Chemistry). Indian Institute of Science, Bangalore. 

14. Mr. P. K. Son Chaudhury (Physics). Bose Resc^arch Institute, Calcutta. 

Chandrahala Hora Memorial Medal. 

The first award of the medal was made to Dr. S. B. Setna, Director of Fisheries, 
Bombay, for making conspicuously important contributions to the (levolopmont 
of fisheries in India (luring the preccKling live years. 

Financial, 

The recurring Govornmemt grant-in-aid towards expenditure on salaries of 
staff, research fellowships, travc^lling, library and ])ubli cations ainountfxl to 
Rs. 1,57, 000 (luring the financial y(^ar 1948-49. The Calcutta University, as in 
previous years, donated a sum of Rs.500 in aid of the InstituU^. 

The audited accounts for tlu^ financial year ending 31st March, 1949, are given in 
A])pendix \\ in w]ii(‘li are also given subsidiary statements ndating to tlu^ Id 
Research Fellowships giant, Chaiidrakala Hora Manorial Medid Endowment, the 
grant for compilation of a National Register of Scientific and Technical Persoimol 
and the Popularization of Science Fund. 

The Revised Estimates for 1949-50 and the Budget Estimates for 1950-51 are 
shown in Appendix VI. 

Summaries of Annual and Final Reports of Research FelloAvs are given in 
Appendix VII. 



APPENDIX I 


LIST OF FELLOWS 

OIIDINAKY FELLOWS 

1. Ahuaham, W. E. V., Li.-CoL, A.R.C.S. (T.), F.G.S., M.Tnst.P.T., Managing Director, 

liiirmali Oii Oo., Lid., Briianiiic Houso, Finsbury Circus, T.,oudon, E.C. 2. (1936). 

2. AaiiAiiKAU, S. P., M.A., Ph.D., F.L.S., Head of the Dept, of Botany, Maharashtra 

AHBo<*ial ion hn- the C^ultivaiiou of iScieu<*e, l^aw College, Poona 4. 

3. Ahmad, Bashir, M. Sc., Ph.D., Hireetor, InHiitute of Chemistry, Punjab XTuiv^orsity, Tho 

Mall, Lahore. (1944). 

4. Ahmad, Nazir, O.B.E., M.Se., Ph.I)., Secretary, Pakistan Devolopmont Board, Block 

No. 44, Pakistan Central Secretariat, Karachi. 

f). Aiyau, K. Gopala, M.A., L.T., M.Sc., Profi'ssor of Zoology, Andhra Universitv, Waltair. 
(I93<S). 

6. Ajrekah, S. L., B.A. (Cantab.), Dip. Agriit., l.E.S. (Retired), 855 Shmijinagar, Blian- 

darkar Tnstitute Road, Poona 4. 

7. Amanda Rah, K., Rao Bahadur, M.A., I.E.S. (Retd.), 29 Boag Road, Thyagarayauagar, 

Madras. 

5. Asu, W. C„ B.Sc., M.Inst.CLE., A.M.I.MocL.E., e/o Lloyds Bank Ltd., 6 Pall Mall, 

London. 

9. Ahdem, J. B., M.A., Sc.J). (Cantab.), Superintending Geologist, Geological Survey of 
India, 27 Chowringhee Road, CVihaitta. (1938). 

10. Awati, P. R., B.A. (Cantaln), D.l.G., I.E.S. (Retd.), 759/20 Deccan Gymkhana, Poona 4. 

11. Baohhfclc, K. 1)., D.Sc., D.I.C., Forest Botanist, Forest Research Institute, Now Forest, 

D(dira Dun. 

12. Baochi, K. N., Rai Bahadur, B.Sc., M.B., D.T.M., F.R.T.C., 5 Ballygunge Place, 

Ballygunge, (/alcutta 19. (1940). 

13. Baud, K. N., D.Sc., D.PliiL, F.H.A.S.B., Professor of Zoology, Lucknow University, 

I^ucknow. 

14. Bankr.tpjh, Iv., D.Sc., Mahondralal Sircar Professor of Physics, Indian Association for 

tho Cultivation of Science, 210 Bowbazar Street, Calcutta 12. (1939). 

15. Baneii.ti, A. C., M.Sc., M.A., F.R.A.S., I.E.S., Professor of Mathematics, Allahabad 

Uni\a'rsily ; Gyan Kutir, Boli Roatl, Allahabad. 

16. Banhrji, I., D.Sc,, Lecturer in Botany, Calcutta University, 35 Ballygunge Circular Road, 

Calcutta 19. (1945). 

17. JiAN ERJi, S, K., O.B.E., D.Sc., Director-General of Observatories, India (retd.), 3, Ramani 

(Oialterji Road, P.O. Rnshbehari Avenue (.Calcutta. 

18. Bahdhan, J. G., D.Sc. (Cal. & Loud.), Khajra Professor of Chemistry, Calcutta 

University, 92 Upper Circular Road, Calcutta 9. (1942). 

19. Bash, J. K., M.Sc., Pli.D. (Loud.), Soil Physicist to the Government of Bombay, 

Cmdral Buildings, Poona. (1941). 

20. Basht, N . M., M.A., 03 Hiudusthan Park, Ballygunge, Calcutta. (1944). 

21. Bash, S., M.Sc., Dy. Director -General of Observatories, Meteorological Oliico, Ganesh 

Khiud Road, Poona 5. (1946). 

22. Bash, U. P., D.Sc., Director, J3engal Immunity Rosoarch Institute; 98/4 Surendranath 

Ban orjea Road, Calcutta’ 14. (1946). 

23. Behari, Ram, M.A., Ph.D., Sc.D. Professor of Mathematics, Delhi University, Delhi. 

(1941). 

24. Bhabha, H. J., Ph.D., D.Sc. (Hon.), F.R.S., Director, Tata Institute of Fundamental 

Research, Apollo Pier Road, Bombay. (1941). 

25. Bhaduri, J. L., D.Sc. (Edin.), Lecturer in Zoology, Calcutta University, 35 Ballygunge 

Circular Road, Calcutta 19. (1949). 

26. Bhaduri, P. N., Ph.D., F.R.M.S., F.R.H.S., F.L.S., Assistant Cytogeneticist, Indian 

Agricultural Research Institute, Pusa Road, New Delhi. (1944). 
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27. 

28. 

29. 

30 . 
3]. 

32. 

33. 

34. 

35. 
3(5. 

37. 

38. 

39. 

40. 

41. 

42. 

43. 

44. 

45. 

4f). 

47. 

48. 

49. 

50. 

51. 

52. 

53. 

54. 

55. 

56. 

57. 

68 . 


Bhagavantam, S., D.Sc., Professor of Physios, Andhra University, Waltair. (1949). 

Bhabadwaja, Y., M.Sc., Ph.I). (Lond.), F.L.S., Principal, Jaswant College, Jodhpur. 
(1937). 

Bitarttgha, F. K., M.Sc., D.Sc., Professor and Head of the Department of Botany, Royal 
Institute of Science; 6 Alexander Road, New Gamdevi, Bombay. (1939). 

Bijaskaba Shastbi, T. P., Rao Saheb, M.A., F.R.A.S., Director, Nizamiah Observatory 
(Retiivnl); ‘M;anorama’, Begumpet, Hyderabad (Deccan). 

Bjiatnagab, Sir S. S., Kt., O.B.E., D.Sc., F.R.S., F.R.I.C., F.Inst.P., Secretary, 
Department of Scientific Research, Government of India, Corfiral Secretariat, North 
Block, Now Delhi. 

Bhattachabya, D. R., Rai Bahadur, D.Sc., Ph.D., F.Z.S., Vice-Chan(!ellor, Allahabad 
University; 7 Malaviya Road, Allahabad. 

Bhimaoiiab, B. S., D.Sc., Fishery Biologist, Central Marine Fisheries Researcli Station, 
West Hill, Calicut. (1948). 

Bomfobd, G., Brigadier, K.E., Hainton Lodge, Sutton Courtenay, Berkshire, England. 
(1935). 

Bob, N. C.I.E., M.A., D.Sc., F.L.S., c/o Messrs. Lloyds Bank, Ld., 6 Pall Mall, London, 
S.W. 2. (1941). 

Bosk, D. M., M.A., B.Sc., Ph.D., Director, Bose Institute, 92/3 Upper Circular Road, 
Calcutta 9. 

Bosk, G. S., D.Sc., M.B., Professor and Head of the Department of Psyc^hology, Calcutta 
Univc'rsity, 92 llj^per Circular Road, Calcutta 9. 

Bosk, N. K., M.Sc., Ph.D., Director, River Research Ijnstitute, Bengal, Anderson House, 
Alijnir, (.Calcutta. (1938). 

Bosk, P. (\, B.Sc. (Glas.), Deputy Dire(ttor, Health Services (Engineering), Gov'^ernment- 
of West Bengal; 21 Mandeville Gardens, Calcutta. (1948). 

Bosk, P. K,, D.Sc,, Director, Indian Lac Ro.soar<di Institute, Namkiiin, Ranchi. (1944). 

Bose, R. C., M.A., Professor, Institute of Mathematical St atistics, Univeisity of N. Carolina, 
CluipeJ Hill, N.C., IJ.S.A. (1942). 

Bosk, S. N., M.Sc., Khaira Professor of Physics, Calcutta University, 92 Upper Cirt ular 
Road, Calcutta 9. 

Bose, S. R., M.A., D.Sc., F.R.S.E., Professor of Botany, R. G. Kar Medical College, 
1 Belgaclua Road, Calcutta. (1935). 

Buiuudgk, W., D.M., M.A. (Oxon.), 366 Wood Stock Road, Oxford. 

CiiAKBABARTY, S. K., D.Sc., Hoad of tho Department of Mathematics, Bengal Engineering 
(^oll< 'go, Botani(! Gardens P.O., Howrah. (1949). 

(hrARBAVABTi, D., D.Sc., Lecturer in Chemistry, Calcutta University, 92 Upper Circular 
Road, tkilcutta 9. (1949). 

ChiATTEBjEK, N. tk, Rai Bahadur, D.S(^., A. 1. 1. Sc., 18 Rajpur Road, Dehra Dun. (1942), 

Chatterjee, S. Ck, D.Sc., Hoad of the Do}>artmont of Geography, Patna Ck)llege, 
Bankipore, Patna. (1948). 

Chopra, B. N., D.Sc., E.L.S., Deputy Fisheries Development Adviser, Government of 
India, Ministry of Agiieiilture, New Delhi. (1935). 

Chopra, Sir R. N., Kt., C.I.E., M.D., Sc.D., F.R.A.S.B., F.R.C.P., Brevet-Col., I.M.S. 
(Retirtul), Director, Drug Research Laboratory, Jammu-Tawi, Jaiimiu and Kashmir 
State. 


CjHOWdhury, J. K., M.Sc., Dr. Pliil. (Berlin), Head of the Department of Chemistry, Bose 
Institute, 93 Upper Circular Road, Calcutta 9. (1938). 

Chowdiitjry, K. Ahmad, M.B.E., B.A., B.Sc., M.S., D.Sc., Wood Teclmologist, Forest 
Roseardi Institute, New Forest, Dehra Dun, (1940). 

Chowla, S., M.A., Ph.D., School of Mathematics, Institute of Advanced Study, Princeton 
New Jersey (U.S.A.). 

Coates, J., A.R.S.M., F.G.S., Eyton House, Leominster, Herefordshire, England. 


Crookshank, H., C.I.E., B.A., B.A.I., D.Sc., 
(1938). 


Geological Survey of Pakistan, Quetta. 


Das, A. K., D.Sc., Director, Solar Physics Observatory, Kodaikanal, S. India. (1943). 
Das, B. K., D.Sc. (Lond.), Professor and Head of the Department of Zoology, Osmania 
University; c/o Raghe Ali’s House, 161 Morredpally, Secunderabad, Deccan. (1949). 
Dastur, j. F., M.Sc., D.I.O., Scarsdale, Panday Road, Colaba, Bombay. (1948). 
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59. Dastttr, R. H., M.8c., Plant Physiologist, Iiistitiito of Plant Industry, Indore. 

60. Datta, S., D.So., D.I.C., Director of Public Instruction, Bengal; 39 Hindusthan Park, 

P.O. K.lh Avenue, Calcutta. (1935). 

61. Datta, S., D.Sc., F.R.S.E., M.R.C.V.S., D.T.V.M.., Major, Director, Indian Veterinary 

RoHoarch Iimtitxito, Izatuagar, Bareilly, U.P. (1938). 

62. Dfj, M. N., M.B. (Cal.), M.R.C.P. (Loud.), 32 Ganesh (Chandra Avenue, Calcutta. (1942). 

63. Dk, P., M.B. (Cal.), F.R.C.P.K., 172 Lansdowne Road, Calcutta 29. (1943). 

64. Dksat, R. D., D.Sr*. (Loud.), D.I.C., F.R.I.C., Department of Chemical Technology, 

Bombay Uruversity, Mal-imga Road, Bombay. (1942). 

65. Dey, B. B., D.Sc., F.R.I»(^, 1.E.*S. (retd.), 77 High Road, San Thome, Madras. 

66. Difak, N. R., ].).S(‘., F.R.T.C., I.E.S., Professor of (^lomistry, Allahabad University, 

Allahabad, 

67. Dikshtt, B. B., M.B.B.S. (Bombay), Pli.D. (Edin.), M.R.C.P. (Edin.), D.P.H. (Calcutta), 

Ihincipal, B.d. Medi<ail (/ollege, Poona. (1941). 

68. DtJTT, S. B., D.Sc., D.I.C., F.R.I.lt., Professor of Chemistry, Delhi University, Delhi, 

(1935h 

69. Dutta, a. R., D.Sc., Physics Department, University College of Science, 92 Upper Circular 

Road, Calcutta 9. (1948). 

70. Dutta Roy, R. R., Dr.Ing., (/hemist. Geological Survey of India, 27 Chowringhee Road, 

Calcutta 13. (1948). 

71. Elwint, VEiiiaER, M.A., D.Sc. (Oxon.), F.R.A.S.B., Tam House, P.O. Patangarh, Dt. 

Mandla, C.P. (1943). 

72. Evans, P., B.A., F.C.S., (3iief Geologist, Burinah Oil Co., Ltd., Britannic House, Finsbury 

Circus, Loudon, E.C-. 2. 

73. Fermor, Sir Lewis, L., Rt., O.B.E., D.Sc., A.H.S.M., M.Inst.M.M., F.G.S., F.R.A.S.B., 

F.R.S., 24 Durdlinie Park, Brisfnl 6. 

74. F’owtjcr, Gilbert J., D.Sc., F.R.I.tk, Consulting (3iernist, Central Hotel, Bangalore. 

75. Fox, Sir Cyriu S., Kt., D.Sc., M.LMin.FL, F.C.S., F.R.A.S.B., Tudor House, 19 Queens- 

mcro Road, Wimbledon, Loudon, S.W. 19. 

76. Ganapathi, K., D.Sc., Assistant Dii*ector, Chemotherai)y Department, Hafikine Institute, 

Parol, Bombay . ( 1 946) . 

77. Ganguly, P. B., D.Sc. (Loud.), Principal, Science College, Patna. (1945). 

78. Gee, E. R., M.A., F.G.S., Wavenoy, The Linkway, Sutton, Surrey, England. (1935). 

79. Ghosh, B. N., D.Sc, (Lend.), Header in Pliysieal Chemistry, University College of Sdence, 

92 Upper Circular Road, Calctitta 9. (1942). 

80. Ghosh, J., M.A., Ph.l)., Prijicipal, Presidency College; 9 Satyen Datta Road, Calcutta 

29. (1936). 

81. Ghosh, Sir J. C., Rt., D.Sc*., Diroctor-Genoral of Industrios and Supplies, Shahjahan 

Road, New Delhi. 

82. Ghosh, P. K., M.Sc., D.I.C. , D.Sc;. (Loud.), GeologLst, Geological Survey of India, 27 

Chowringhee Road, Calcutta 13. (1941), 

83. Ghosh, R. N., D.Sc., Reader in Physic;s, Allahabad University; 152 South Malaka, 

Allahabad , ( 1 939) . 

84. Ghosh. Sudhamoy, M.B.E., D.Sc. (Edin.), F.R.I.Ck, Emeritus Professor, School of Tropical 

Medicine; 15 Justice Chundormadhab Road, P.O. Elgin Road, Calcutta. (1945). 

85. Ghurye, G. S., M.A., Ph.D., Professor of Sociology, University of Bombay, Fuller Road, 

Bean bay. (1941), 

80. Gnx, P. S., M.S., Ph.D. (Chicago), F.A.P.S., Dean, Fac'ulty of Sc*iouc-c, Muslim University, 
Aligarli. (1945). 

87. Glennie, E. A., D.S.O., Brigadier, R.E., Steepways, Cross Oak Road, Berkhamsted, Herts, 

England. 

88. Gravely, F. H., D.Sc., F.R.A.S.B., 52 London Road, Reading, England. 

89. Guha, B. C., D.Scn, Damodar Valley Corporation, Anderson House, Alipore, Calcutta 27. 

(1941). 

90. Guha, B. S., M.A., A.M., Ph.D., F.R.A.S.B., Director, Department of Anthropology, 

Indian Museum, 27 Chowringhee Road, Calcutta. 

91. Guha, P. C., D.Sc., Professor of Organic Choiiiistry, Indian Institute of Science, 

Malleswaram, Bangalore. (1935). 
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92. Gupta, J. C., M.B. (Cal.)» Professor of Pharmacology and Officer -in-chnrge, IndigonoiiB 

Drugs Inquiry (T.R.F.A.), School of Tropical Medicine and Medical College, Calcutta. 
(1945). 

93. Haddow, J. R., O.B.E., M.R.C.V.S., D.V.S.M., I.V.S., Senior Research Officer, Foot and 

Mouth Disease Research Station, Pirbright, Near Woking, Surrey, England, 

94. ItEinio, Robert, M.D., Chief Physician, Jaipur, Rajputana. (1948). 

95. Hebon, a. M., D.Sc., F.G.S., F.R.G.S., F.R.S.E., F.R.A.S.B., Geological Survey of 

Pakistan, Quetta. 

96. Hoba, S. Tj., Rai Bahadur, D.Sc., F.R.S.E., F.Z.S,, F.R.A.S.B., Director, Zoological 

Survey of India, Jabakusum House, 34 Chittaranjan Avenue, Calcutta 12, 

07. Husain, M. Afzae, Khan Bahadur, M.A., M.Sc., I.A.S., Chairman, Pakistan Public 
Service Commission, Karachi. 

98. Ishaq, Mohammed, M.Sc., Ph.D., D.I.C., 21 Cooper Road, Lahore. (1940). 

99. Tyenoab, M. O. P., M.A., Ph.D., F.L.S., University Professor of Botany, Maihjts 

University (Retired); 71 Venkatarangam Pillai Street, Trii)licaius Madras. 

100. Jacob, K., D.Sc., Palaeobotanist, Geological Survey of India, 27 Chowringhee Road, 

Calcutta 13. (1949). 

101. JosiTi, A, C., D.Sc., Profe.ssor of Botany, Government College, Ho8hiarj)ur. (1938). 

102. Josui, S. S., D.S(*. (l.<(md.), Prin<*i])al. (k>llege of Science and Head of the Department of 

Cliemistry, Banaras Hindu University, Banaras. (1945). 

103. Kadam, B. S., Ph.D., Director, Central Tobacco Research Institute, Rajalunundry, M. t'c 

S.M. Ry. (1946). 

104. Kapub, S. N., Ph.D., Onicerdn-charge, Wood Working and Timber MechaTu«‘S Braia'li, 

Forest Research Institute, 22 Old Survey Road, Dohra Dun. 

105. Khan, Hamid, M.Sc., LL.B., Ph.D., Reader and Hoad of Zoology Teacl ling, Punjab 

University, Lahore. (1944). 

106. Khanqlkab, V . R., M.D., Director of Laboratories and Research, Tata Memorial Hospital, 

Hospital Avenue, Parel, Bombay. (1946). 

107. Khastoib, S, R., Ph.D*, D.Sc., F.R.S.E., Department of Physics, Bauarns Hindu 

University, Banaras. (1944). 

108. KimrLU, P. K., D.Sc., Professor of Physics, Dolhi University, Delhi. (1935). 

109. Kini, M. G., M.B.B.S., M.Ch. (Orth.), F.R.C.S., Captain, M.C., 3rd Floor, (’ounaught 

Mansion, Colaba, Bombay 5. (1944). 

1 10. Kosambi, D. D., S.B. (Harv’-ard), Professor of Mathematics, Tata Institute of Fundamental 

Research, Ajiollo Pier Road, Bombay 1. (1940). 

111. Kothabi, D. S., M.Sc., Ph.D., Scientific Adviser, Ministry of Defence, Covernmont of 

India; 5 University Road, Delhi. (1936). 

1 12. Kbishna, S., C.I.E., Ph.D., D.Sc., Director of Forest Research, Forest Research Listitutc, 

Now Forest, Debra Dun. 

113. Kbishnan, Sib K. S., Kt., D.Sc., F.R.S., Director, National Physical Laboratory, 

Near Pusa Institute, New Delhi. 

114. Kbishnan, K. V., M.B.B.S., L.R.C.P., D.B., D.Sc., Professor of Microbiology, AlUndia 

Institute of Hygiene and Public Health, 110 Cliittaranjan Avenue, Calcutta. 

1 15. Kbisunan, M- S., A.R.C.S., Ph.D., D.I.C., Director, Bureau of Minos, Ministry of Works, 
Mines and Power, Central Secretariat, New Delhi. (1935). 

116. Khishnaswami, K. R., D.Sc., F.R.I.C., Director of Industries, Bihar, Patna. (1948). 

117. Kundu, B. C., Ph.D. (Leeds), F.L.S., Director, Jute Agricultural Research Institute', 

Indian Central Jute Committee, Hooghly, West Bengal. (1945). 

118. Lal, R. B., M.B.B.vS., D.P.H., D.T.M. & H., D.B., Professor of Vital Statistics and 

Epidemiology, Alblndia Institute of Hygiene and Public Health, 110 Chittaranjan 
Avenue, Calcutta. (1935). 

119. Law, S. C., M.A., B.L., Ph.D., F.Z.S. , M.B.O.U., 50 Kailas Bose Street, Calcutta. (1936). 

120. MaoGbegob, R. A., C.I.E., F.I.M., Technical Director, Indian Special Steel Marketing 

Board, 4th Floor, P23/24 Radha Bazar Street, Calcutta 1. (1948). 

121. MacMahon, P. S., M.Sc., B.Sc. (Oxon), F.I.C., I.E.S., c/o Chariered Bank of India, 

Australia and China, 28 Charles II Street, Haymarket, London, S.W. 1. 

122. Madhava, K. B., M.A., A.l.A. (Lond.), Tabacco Grading Station, Kortipadu Extension, 

Guntur. (1940). 
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V2\\. MAHABAI.K, T. S., M.8c., Ph.D., Lecturer in Botany, Royal Institute of Science, Mayo 
Koad, Bombay. (1949). 

124. Maiiadicvan, C., M.A., D.Sc., Professor of Geology, Erskine College of Natural Sciences, 

Andhra University, Waltair. (1945). 

125. Majiajani, G. S., M.A., Ph.D., Vice-Chancellor, Rajputana University, 18 Civil Lines, 

Jaijmr. 

120. Mahalanobib, P. C., O.B.E., M.A., B.Sc., F.R.S., I.E.S., Statistical Laboratories, 
Prosidenfjy College, Calcutta. 

127. Mahanti, P. C., D.Sc., F.Tnst.P., Assoc. A.I.E.E., Ghose Professor of Applied Physics, 

Caknitta University, 92 Upjjor Circular Road, Calcutta. (1945). 
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and kindred subjects : — 

Dr. S. 1*. Raju . . . . . , . . . . 1 950 

Mr. P. C. Bobo .. .. .. .. 1950 

Dr. II. K. Mitra .. .. .. .. .. .1951 

Dr. A. H. Pandya (Secretary and Convener). . . . 1951 

Prof. P. C. Mahariti . . . . . . .1952 

Mr. F. N. Mowdawalla . . . . 1952 


(5) ‘Geology’ Committee for Geology, Palaeontology, Mineralogy and Geograjdiy 

Prof. C. S. Pichamuthu . . , . 1950 

Dr. W^ D. West (Secretary and Convener) . . . . . . 1950 

Dr. D. N. Wadia .. .. .. .. 1951 

Dr. P. K. Ghosh . . - 1951 

Dr. M. S. Krishimn . . . . . . 1952 

Prof. Raj Nath . . . . . . .1952 


(6) ‘Botany’ Committee for Pure and Applied Botany, Forestry and Agionomy : — 

Dr. B. S. Kadam . . . . . . 1950 

Mr. M. S. Randhawa . . . . 1950 

Prof. P. Mahoshwari . . . . . . 1951 

Dr. P. Parija (Secretary and Convener) .. 1951 

Prof. G. P. Majumdar . . . . 1952 

Dr. B. P. Pal .. .. .. .. 1962 
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(7) ‘Zoology’ Coinmittco for Piiro and Applied Zoology and Anthropology including 
h^thnology : — 

To serve until 
Dec. 31 


Dr. S. L. Hora (Secretary and Convener) . . . . . . . . 1950 

Dr, Baini Prashad . . . . . . . . , . 1950 

Prof. K. N. Bahl .. .. .. .. .. .. 1951 

Dr. D. N, Majumdar . . . . . . . . . . . . 1 951 

Prof. Vishwa Nath .. .. .. .. .. .. 1952 

Dr. H. S. Pruthi . . . . . . . . . . . . 1952 


(H) ‘Physiology’ Coinrnittee for Animal Physiology, Pathology, Bacteriology, Psychology 
and other Medical and Veterinary subjects: — 


Dr. K. C. Son .. .. .. .. .. .. 1950 

Dr. B. Mukorji (Secretary and Convener) . . . . . . . . 1950 

Dr. C. G. Pandit . . . . . . . . , . . . 1950 

Dr. B. Narayana . . . . . . . . . . . . 1951 

Dr. M. V. Kadhakrishna Kao . . . . . . . . 1951 

Dr. V. K. Klianolkar . , . . . . . . . . 1951 

Prof. K. N. Bagchi . . . . . . . . . . . . 1952 

Dr. B. B. Diksliit .. .. .. .. .. .. 1952 

Prof. J. M. Son . . . . . . . . . . . . 1952 


COMMITTEE TO TAKE STEPS TO ENSURE THAT NAMES OF SUITABLE 
PERSONS ARE NOT LEFT OUT FROM THE LIST OF PROPOSALS FOR 
ELECTION AS ORDINARY FELLOWS, 1949 

Dr. J. N. Mukherjee ((.’onvonor) 
and Conveners of aM Sectional CoininittcH^s. 


FINANCE COMMITTEE, 1949 

The President. The two Secretaries. 

Tlui Treasurer. Dr. S. K. Banerji. 

Dr. D. N. Wadia. 


GRANTS COMMITTEE 

( )nic(^-heai'ei*s and Convenor.s of All Sectional t-ominit t (‘(\s. 


NATIONAL INSTITUTE OF SCIENCES OF INDIA RESEARCH FELLOWSHIPS 

COMMITTEE, 1949 


The President 
The Treasurer 
The t wo Se<'rotaries 
Pi’of. A. C. Banerji 
Dr, S. Iv. Banerji 
Dr. J. C. Ghosh 


ex-oj[/(cio. 

Mathematics. 

Phy.sics. 

Chemistry. 


Dr. D. N. Wadia 
Dr. P. l^arija 
Prof. K. N. P*ahl 
Dr. B. Mukerji 
].)r. S. L. Hoi a. 
Sir S, S. Sokhey. 


Geology. 

Jk)1 any. 
Zof)l< >gy. 

Ph v sioiogy. 


IMPERIAL CHEMICAL INDUSTRIES (INDIA) RESEARCH FELLOWSHIPS 

COMMITTEE 


(Functioned uy) to 31st March, 1949) 

Thr) President Cheniifttry 

The Treasurc^r v ex-ofjicio. 

'J’he t wo Secretaries j 

.. .. Prof. H. 3. Bhabha. Biology 

Dr. K, N. Ghosli. 

Prof. S. K. Mitra. 


Dr. .1. C. Ghosh, 

Dr. S. Krishna. 
Prof. B. B. Dt^y. 

Dr. S. P. Agharkai*. 
Dr. S. L. Bora. 

Dr. B. P. Pal. 
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EDITORIAL BOARD, 1949 



Editor of Publications 

. . Dr. S. L. 

H orn . 

Mathematics 

. Prof. N. R. Son. 

Botany 

Prof. S. P. Agharkar, 

Physics 

Dr. K. S. Krishnan. 

Zoology 

. . Prof. K. N. Bahl. 

Chemistry 

. Prof. B. B. Dey. 

An thri >pol ogy 

. . Dr. B. S. Cuba. 

Geology 

. Dr. W. D. West. 

Physiology 

Prof. K. N, Bagchi. 


LIBRARY COMMITTEE, 1949 



The President 1 Prof. A. C. r>auoTji. 

Tlie Treasurer > ex-officio. ]3r. S. ]^. ITora. 

The two Soeretnries J Prof. R. { \ Mu j inndar. 

Dr. Baini Prashad. 


CHANDRAKALA HORA MEMORIAL ADVISORY BOARD, 1949 

Dr. T. J. Job. Dr. S. L. Bora 

Dr. M. L. Roonwal. Mrs. Vidya Vati Born 

Dr. Tkiini Prashad. 


()oy}ors {ex -officio). 


STANDING COMMITTEE FOR ORGANIZATION OF SYMPOSIA 

I^rof. B. B. Doy. Prof. M. N. Saha. 

Prof. B. C. Culm,. Dr. A. TTkil (( :on,v(Mier). 

Dr. D. N. Wn*ha. 


COMMITTEE TO EXPLORE POSSIBILITIES OF CARRYINf. ON ADVANCED 
SCIENTIFIC TEACHING AND RESEARCH IN AN INDIAN 
LANGUAGE AND THE QUESTION OF THE SCRIPT 
IN WHICH THIS COULD BE DONE * 


{Appointed Avgifst 1947.) 


The President. 

Prof. S. P. Agiiarkar. 

Prof. A. C. Banerji. 

Prof. H. .7. Bhabha (Convener). 

Prof. S. N. Bose. 

Prof. N. R. Sen. 


Prof. T). D. Kosanibi. 
Dr. D. S. Kotlmri. 
Dr. K. S. Krishnan. 
Dr, N. Mukherjoe. 
Dr. B. IE Dey. 


The Committee was rofjuested to consult, among otliers, the following:— 

Dr. Tara Cliand. Dr. Zakir HuHsain. 

Dr, Suuiti Kumar ( ’hattca ji. T’rof. Biima;V on Kabir. 

Maulvi Abdul Haq. Prof. K. Swarninathan. 

Dr. Kaghu Vira. 


COMMITTEE (WITH POWERS TO CONSULT EXPERTS) TO SUGGEST 
A PROPER EMBLEM (CREST) FOR THE INSTITUTE AND TO 
RECOMMEND A SUITABLE DESIGN FOR THE CHANDRA- 
KALA HORA MEMORIAL MEDAL 

{Appointed J arm ary 194S.) 

The President “I Prof. H. J. Bhabha. 

The Treasurer > ex-officio. Dr. S. L. Bora (( 'onvener). 

The Secretaries J Dr. J. N. Mukhorjec. 

Major-General S. S. Sokhoy. 

The Committee was requested to consult, among others, th(^ following: — 

Dr. Suniti Kumar Chattorji. Nawab Zniu Yar Jung. 


♦ TIk^ Committee has submitted its Final Re]>ort. 
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COMMITTEE TO REVIEW THE RULES OF THE INSTITUTE* 

{Appointed August 1948,) 

Prof. S. P. Agharkar. Dr. S. L. Hora. 

Prof, K. N. Bagchi (Convener). Prof. J. M. Sen. 

The two SecreiarioB. 

COMMITTEE TO REVIEW THE ADMINISTRATION OF PUBLICATION 
GRANT AND TO GO INTO THE QUESTION OF MERGER OF TWO 
OR MORE SOCIETIES OF ALLIED NATURE • 

(Appointed August 1948.) 

Prof. S. 1^, Agharkar. Dr. S. 1^. Hora. 

l*rof. S. N. Bose. Prof. J. M. Sen. 

The Secretaries. 

PUBLICATION ADVISORY BOARD* 

Editor of Publications (Convener) 
and Members of Council resident in Calcutta. 


COMMITTEE TO FORMULATE A SCHEME FOR FORMATION OF NATIONAL 
COMMITTEES IN DIFFERENT BRANCHES OF SCIENCE 

(Appointed Janua/ry 1949.) 

Prof. S. P. Agharkar. Dr. J. N. Mukherjoe (Convem^r). 

Prof. A. Banorji. Prof. J. M. Sen. 

Prof. I). S. Kothari. Representatives of Scientific Societies concenuul. 


COMMITTEE TO CONSIDER THE QUESTION OF RE-ORGANIZATION 
OF THE BOTANICAL SURVEY OF INDIA 

(Appointed August 1949.) 

Prof. S. R. Bose. Prof. A. C. Joshi. 

Prof. P. Parija. 


APPENDIX III 

IMPORTANT RESOLUTIONS OF THE COUNCIL 

January 4, iP^P.--T)ecidod to urge upon the Government of India the need of e8tttl:>li8hing 
a high }iower computation laboratory for (a) statistical work (correlation up to 12 variants), 
(h) numerical calculations arising in problems of Apj>lied Mathematics, Applied PhysicB, En- 
gineering and Aeronautics, and (c) construction of mathematical tables. At least eight properly 
qualified Bcientists should be sent abroad to suitable institutions fctr training in this highly 
spiM-ialized work. Before tliis was undertaken, it would be essential to prejiare a complete plan 
from the very start, and, it was therefore desirable that the Government should immediately 
a|>point a Sponsoring Ck)mmittee consisting of a minimum of three and a maximum of five 
membora rojiresenting fihysical, engineering and statistical sciences. 

Resolved that in the opinion of the Council the adoption by India of the Metric System of 
weights and measures and coinage is ultimately desirable. Also International terms as far as 
possible should be followed in scientific literature. 

March 4y 1949 . — The Government of India having desired clarification in respect of principles 
governing ‘recognition ’ of scientific societies, it was decided to advise that — 

(a) The ‘recognition’' by the Government of India will mean that the society represents 
export scientific opinioiv relating to the subject cultivated by it and will be deserving 
Government assistance in respect of its publications and projects for promotion 
of knowdedge. 


* The Committee has submitted its Final Report. 
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(6) 111 a country of the size of India, more than one society covering the same science 
was to bo expected and each request for help will have to be judged on its merits. 

(c) The National Institute would be a suitable agency for co-ordinating the contribiitioiip 
of different Government agencies to the same society and the Institute will be glad 
to take up the work. 

{d) ‘Kocognition’ should confer the privilege of using a suitable abbreviation after their 
names by the members of the society so recognised. 

Ariqust 5, 1949 . — Resolved that the Government of India in the Ministry of Educalion 
be informed as follows: — 

‘The Council of the National Institute has come to the general conclusions given below 
on the question of the possibility of enrrying on advanced scientific teaching and research in 
an Indian language and the script in which this could be done : — 

(1) It is considered possible to give instruction up to the graduate level in any provincial 

language or national language, but it is desirable to leave latitude and allow 
flexibility in this matter so that each institution can develoj) a practice whicb 
best serves the needs of the locality in which it is situated and the comm unif y 
it serves. 

(2) At the post-graduate stage the medium of instruction could be any'^ language agreed 

upon by the teacher and the students. 

(IJ) It is desirable that attempts should be made to uniformise Indian 8crij)ts as far as 
possible so as to reduce the differences between languages of the same linguistic 
group. 

(I) For the advanced scientific and research journals published by learned societies, 
pubik ation sluuild be permitted not only in the national language but also in auy' 
of the major provincial languages and in English. In each case the article sbouUi 
always bo followed by a summary or abstract in the national language and in 
English. This confoims to the practice in multi lingual states such as the Sovi(‘t 
Union. The Courndl feels that the foreign circulation of scientific journals carrying 
oitlK'i' complete papers or abstracts in Indian languages would helx> to spread a 
knowledge of tluise Indian languages abroad. 

(5) International scientific terms should always bo used exee]>t when there arc in any 
})arti(‘ular Indian language well-established words in common use whose meaning 
is unambiguous. The Council does not favour the attempt to invent now Indian 
equivalents for international scientific terms and is of the considered opinion that 
such a jjrocedure will liave an adverse effect on the growth of Indian science. 

Based on tlie above conclusions, the Council wishes to reeonimend that it is essential for 
every science student to know at least one of the following fore?ign languages; English, French, 
German, Italian or liussian, and that for those knowing only one foreign language a knowledge 
of English is to be ])reforred. It is to bo noted that advanced scientifie workers in any country 
have, practically without exception, enough working knowledge of English to be able to read 
specialized papers in their own subjects in English. Some members were of the view f}»at a 
knowledge of Englisli should be a pre-requisite for admission of students to seieiieo classes in the 
univ'^orsities and it is considered important that science students should be made familiar with 
English from a very early ogc'. 

The above roeornmendatioii is made in view of the fact that, on an average, approximately 
one new" scientific text-book or lieatiso on some specialized scientifie subject api'cars per day 
in some one of the languages mentioned above; and whereas it is necessary for a scientific worker 
to be able to read those which appear in his own subject, it is clearly impossible for him to do so 
if bo (ran ri ad one, or even more, of the Indian languages only. At tlie i^iesent stage it is im- 
possible for a man to accpiiro a wide knowledge of his subject by limiting himselj to reading 
books published in any, or even all, of the Indian languages only, and this situation is not likely 
to bo materially altered within the next twenty years. The ti anslation into the Indian languages 
of specialized scion tific books can only bo done by men of science, and any attempt t o carry out 
such a ]:)rogranune with the limited scientific personnel available in India at jai'sent — wliich is, 
in any case, far short of the country’s sciontific and technical demands — would cripj)le its scientific 
and technical development.’ 

Resolved tliat the Government of India may be advised that the subject of ‘ Protection of 
Nature’ being of particular importance for India, where many of our natural resources in soil, 
plants and animals are being wasted, the Government of India should assist in the formation 
of an Intornational Union for the Protection of Nature, and that non-ofTicial organisations 
interested in the jjrotection of Nature should bo actively encouraged and their representation 
on the International Union through a National Committee should bo facilitated. 

Resolved that the Government of India may be advised to form a National Section of the 
International Committee for Bird Preservation, and this be done through the Zoological Survey 
of India. 
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Kksolvkd tliat the Government of India may ho advised to participate in the scheme for a 
permanent machirK^ry for collaboration and intercliange of geological infonnation between 
Coinmonwealth Governments. 

October 7, Resolved that the Government of India be advised to become a member 

of the British Scientific Instruments Researeli Assodation. 


APPENDIX IV 

LIST OF PERIODICALS RECEIVED IN 1949 
ASIA 

India — 

1. Annals of Biochemist ry and Experimental Medicine. 

2. Anuutil lU5])ort of Bose liesearch Institutes 

Annual lle]K>rt of the Tmpta'ial Veterinaiy Kesearch Institute. 

4. ATinual Report ol‘ the Indian Ouitral Cotton Committee, 
f). Amuinl Rej)ort of Indian Lac Research Institute. 

(). Annual Report of Indian Standards Institution. 

7. Annual K<4iuii of Statistic's relating to Forest Administration in British India for 
1940-41. 

5. lhill(4in of the Calcutta Mathcanatical Society. 

9. Bulletin of the National Geographical Society. 

10. Bulletin of the Indian Standards Institution. 

11. (lalcutta Geograjdiicnl Review. 

12. Calcutta Statistical Association Bulletin. 

13. (JonsuH of India ; Rafaa's. 

14. Current Science. 

15. Eastern Anthropologist. 

Hi. Fon^st Reseaix'h in India. 

17. Immunity Bulletin. 

1 8. Indian Cotton Growing R('\'i<^w. 

19. Indian Dairyman. 

20. Indian Farming. 

21. Indian Forest Bulletin. 

22. ludiaji Forester. 

23. Indian Forest Kocerds. 

24. Tiidinn tJournal of Agrieultural Science. 

25. Indian Journal of Dairy ScieiK'o. 

20. Indian Journal of Genetics and Plant Breeding. 

27. Indian Joiirnnl of Medical Koseareh. 

28. Indijm Jouijud of Phannacy, 

29. Indian Journal of Physi< H. 

30. Indiiin Standards. 

31. Indian Journal of Veterinary Scionet^ and Animal Husbandry. 

32. Indian Medical Gazette. 

33. Indian MintTals. 

34. Industrial and News Section of tlu' lixiian (Jiemx al Se< icty. 

35. Internat ional Medic al Abstracts. 

30. Journal of the Indian Chemical Society. 

37. .fouriuil of the Indian Mat hematical Society. 

38. Journal of Indian Society of Agritailtnral Statistics. 

39. Journal of S<4ontiti<' and Industrial R<?s('arch. 

40. Kli<3ti. 

41. Man in India. 

42. Mathematics Student. 

43. Memoirs of the Indian Metef>rologieaI Department. 

44. Mysore Geological Departnaait Records. 

45. Physics Quarterly . 

40. Pr<K*oedings of the Indiao. Academy of Bcienco, Sections A and B. 

47. IVoceedings of the National Academy of Sciences, Sections A and B. 

48. Proceedings of the Society of Biological Chemists. 

49. Proce{HliJxgs of the Zoological Society of Beivgal. 

50. Progress Report of the Institute of Plant Industry. 
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51. Quarterly Journal of the Geological, Mining and Metallurgical Society of India. 

52. Report of the Botanit^al Survc^y of India. 

53. Tloport of the Haffkiue Institute. 

54. Report of tlio King Institute of Preventive Medicine. 

55. Report of the Session of tlie 1st Conference of the Iiulian Natioiuil Coininissioii lor (Jo- 

operation with UNESCO. 

56. Science and Culture. 

57. Scientific Notes of the India Meteorological Department. 

58. Seismological Bulletin of the Meteorological Dejjartinent. 

59. Technological Bulletin of the Indian (Jentral Cotton, (kuninitlec^. 

60. T(Kl)nical Reports of tlio Survey of India. 

61. Transactions of the Indian Institute of M<‘inls. 

62. Transaclions of th(5 Mining, Geological and M(’talliirgical Instil nt<‘ ol' India . 


China — 

1. Botanical Bulletin of Academia Sinica. 

2. Bulletin of the 0<^eaiuc Instit ute of Taiwan. 

3. Sci('nce Record, Shanghai. 

East Indies — 

1. Bulletin of the Bot anic Gardens, Buitenzorg. 

2. Titiuhia. 

Philip frincs — 

Philip])in(‘ Journal of Science, Manila. 


AastraUn 


AIJSTRAI.ASIA 


1. Journal and Proceedings of th(> Royal Society of New South Wahns, 

2. Pap(UH and Proceedings of' t he Royal Society of Tasmania. 

3. Report of the D(»j)artment of Mines, Western Australia. 


New Zealand — 

1. Bulletin of t he Auckland Institute and Museum. 

2. The New Zfuilaud Journal of Science and Technology, Sections A and B. 

3. Transactions and Proceedings of the Royal Society of N. Zealand. 

4. Recoi'ds of thc! Am*klaiul iiiistitute and Museum. 


Union of South Africa — 


AFRICA 


1. Annals of the South African Museum. 

2. Circulars of Union Gbserv atory, Union of S. Africa. 

3. Transactions of the Royal Society of South Africa. 


Sudan — 

Sudan Notes and Records. 
Ca/nada — 


NGRTH AMERICA 


1. Contributions of Dominion Observatory, Clttawa, (Janada. 

2. Proceedings of the Nova Scotia Institute of Science, Tlalifa.x, N.S. 

3. Proceedings of the Royal (Janadian Institute, Toron.to. 

4. Proce(alings of the Royal Canadian Institute, Series 111 A. 

5. Publicuitions of Dominion Observatory, Ottaw^a. 

6. Transactions of the Royal Soc.Iety of Canada, Ottawa. 


United States — 

1. American Journal of Physics. 

2. Annals of Ilarvaid College Observatory. 

3. Annals of New York Academy of Scion.ces, New York. 

4. Annual Report of the Harvard College Astronomical Observatory. 
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5. Annual Keport of the Director, Purdue University, [Lafayette, 
t). Annual Keport of the Kockefeller Foundation, New York. 

7. Annual Keport of the Kockefeller Foundation (International Health Division). 

8. Biological Abstracts. 

9. Biological Bulletin (Marino Biological Laboratory, Woods Hole). 

10. Bulletin of the American Museiun of Natural History, New York. 

1 1. Bulletin of California Agricultural Experiment Station, Berkeley. 

12. Bulletin of Coinell University Agricultural Experiment Station. 

19. Bulletin of Harvard College Astronomical Observatory. 

14. Bulletin of the Geological Survey, U.S. Department of the Interior. 

15. Biilletin of the Tropical Plant Kesearch Foundation, Washington. 

16. Bulletin of the United States National Museum, Smithsonian Institution. 

17. Bulletin of Scripps Institution of Oceanography, University of California, Berkeley. 

1 8 . Chemical A bstracts . 

19. Chemical Ke views. 

20. Circ.ulai's of the California Agricultural Extension Service. 

21. Circulars of the California Agricultural Experiment Station. 

22. Cii'culars of itarvard College, Obsei^vatory. 

29. Circulars of Purdue University, Agricultural Experiment Station. 

24. Contributions from the U. S. National Plerbarium (United States National Museum). 

25. F.A.O. Bulletins. 

26. FieUliana — Geology (Chicago Natural History Museum). 

27. Fieldiano — Geology (Memoirs), (Chicago Natural History Museum.) 

28. Harvard Keprints (Harvard College Observatory). 

29. Hai'vard Keprints, Series II (Harvard College Observatory). 

90. Hilgardia. 

91. lufomuition Bulletiui of the Inter-American Institute of Agi i(*ultural ScieuccK. 

92. Journal of Chemical Physics. 

99. Journal of the Elisha Mitchell Scientific Society, University of C’arolina. 

94. Journal of the Franklin Institute, 

95. Journal of the Optical Society of America. 

96. Journal of Physical and Colloid Chemistry, Baltimore. 

97. Journal of Kesearch (National Bureau of Standards). 

98. Journal of Washington Academy of Sciences. 

99. Mathematics Magazine. 

49. Mathematics Keviow (American Mathematical Society). 

41 . Mathematics Teacher. 

42. Memoirs of Cornell University Agiiculiural Experiment Station. 

43. Memoirs of San Diego Society of Natural History. 

44. Novitates of American Museum of Natural History. 

45. Nucleonics. 

46. Nursery Notes (Department of Horticulture, Ohio State University). 

47. Occasional Papers of the California Academy of Scueuces. 

48. Teclmical News Bulletin (National Bureau of Standards). 

49. Physical Keview. 

50. Proceedings of the California Academy of Sciences. 

51. lYocoodings of the Louisiana Academy of Sciences. 

52. l^roeoedings of the National Academy of Sciences of tlie U.S. A., Washington. 

53. Procec^diiigs of U.S. National Museum, Smithsonian Institution. 

54. Proceedings (Keprints) of U.S, National Museum, Smithsonian Institution. 

55. Proceedings of the Utah Academy of Sciences, Arts and Letters. 

56. Professional Papers of the Geological Suiwey, U.S. Dept, of the Interior. 

57. Public Health Koports. 

58. Public Health Keports (Supplements). 

59. Publicatiorxs in Botany, University of California, 

GO. Quarterly of Applied Mathematics, Brown University. 

61. Quarterly Progress Keports, Research Laboratory of Electronics (M.I.T.), 

62. Kecords of Obsei-vations (University of Calilornia Oceanographic Ohsen^ations on the 

E.W'. ‘Scripps’ Cruises). 

63. Tropical Contributions of the Tropical Plant Kesearch Foundation. 

64. Science. 

65. Scrip ta Mathematic a. New York. 

60. Station Bulletin, Purdue University. 

67. Technical Keports of Kesearch Laboratory of Electronics (M.I.T.). 

68. Transactions of San Diego Society of Natural History. 

69. Transactions of the American Mathematical Society. 

70. Trtmsat^tions of the Coimecticut Academy of Arts and Sciences. 

71. University of Colorado Studies; Series in Anthropology. 

72. Zoologica (Scientific Contributions of New York Zoological Society). 
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SOUTH AMERICA 

1 . Anales de la Academia Naoional de Cienciae Exaotas, Fisicas y Naturalos de Buenos Aires. 

2. Anales de la Academia de Ciencias Medicas, Fisicos y Naturales de la Habana. 

3. Momorias e Estudos do Museu Zoologico da Universidade de Coimbra. 

4. Memorias y Revista do la Academia Naoional de Ciei\cia8, Mexico. 

5. Publicacoes do Instituto de Botanica ‘Dr. Goncalo Sampaio’ da Faculdade do Ciencias de 

Universidade do Porto. 

G. Revista Cubana de Laboratorio Clinico. 

7. Trabalhos do Institute do Botanicas ‘Dr. Goncalo Sampaio’ Faculdade do Ciencias da 
Universidade do Porto. 


Trinidad — British West Indies 

Tropical Agriculture (Imperial College of Agriculture). 

Honolulu — Hawaii 

1. Pacific Science (Tho University of Hawaii). 

2. Bulletin of Bernice P. Bishop Museum. 


EUROPE 

Austria — 

1. Sit'zungsbericlite, Wien. Abteilung 1. 

2. Verhandlungf>n (ler Geologischen Budesanstalt, Wien. 

3. Zontralanstalt fur Meteorologie unde Geodyiiamik, Wien. 

Belgium — 

1 . Bidletiii du Musee Royal d Histoire Naturolle de Belgique, Bruxelles. 

2. Union Radio Scientifique Internationale, Bruxelles. 

Bulgaria — 

Comptes Kendus de 1’ Academie Bulgares des Sciences, (Mathematiques), Sofia, 


Czech oslovakia — 

1 . Acta Facultatis Rerum Naturalium Universitatis Carolinae, Praha. 

2. Memoirs de la Societas Royalc des Letters et des Sciences de Boheme, Prague'. Class des 

Sciences. 

3. Publicatioi\s do la Faculto des Sciences do P Universite — Mosaryk, Brno. 


Denmark — 

1. Det Kgl. Danske Videnskabernes Selskab; Biological Scriften. 

2. Det Kgl. Danske Videnskabernes Selskab; Biological Meddelelser. 

3. l>et Kgl. Danske Videnskabernes Selskab; Matematiske Fysisko Meddelelsei*. 

4. Matomatisk Tiddskrift, Copenhagen. 

Finland — 

1. Acta Botanica Fennica, Helsingfors. 

2. Acta Zoologica Feiuiica, Helsingfors. 

3. Memoranda Societatis pro Fauna et Flora Fennica, Helsingfors. 

4. Suomalaisen Tiodeakatemian Toimituksia Aimales Academiae Scienliarum Feiinicae, 

Helsinki. Series A. Mathematica — Physica. 

France — 

1. Archives Internationales d’ Histoire des Sciences, Nouvelle Series d’ Archeion, l^aris. 

2. Bulletin de la Societe Mathematique de France, Paris. 

3. Comtes Rendus hebdomadaires des Seances de 1’ Acadc^mie des Sciences, I’aris. 

4. La Nature, Paris. 

5. U.N.E.S.C.O., Paris; Bulletin for Libraries. 
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H, K.S.( PtiriB ; ( Vmrior. 

7. ILK.K.SX’.C)., PuriK ; Official Bulletin. 

(iIcnudN//— 

I. Kiut K»'v i(^w oftJc'nnan. Science, WicBbadoii. 

2. Scluil‘t(ai dcK Naturwisscnschaftliclien Vertiins fur Schleswig Holstein, Kiel. 

(hcdf Brilam— 

1. Annuls of Tro})ical M<slicin(> and Parasitology, Liveiliool Sf-hool of Tropical Medicine. 

2. Annual Ke]»or1 of Hiitish Non-Ferrous Metals Hesoarch Associatkai. 

2, Annual Ht'port of tla^ f’resh Mktcr 13iolt)gical Asso<-iatioJ4 of the British Einj)ire. 

4. Atomic Scit^ntists N(^wk. 
r>. British Science News. 

(). Bulh'tin of tlu' British Non-Ferrous Metals Rcsearcli Association. 

7. l)isr‘o\-erv. 

5, hlndeaA’our. 

}). PlK'l. 

10. 0(‘ophysi(‘al M<*moirs ol’ Me((M)rological Office, London. 

I 1. .lournal of tlu' Institute of Find. 

12. Memoirs and ]^ruc('C( lings of tlie Maiu hester Literary and Philosojdiical Society. 

12. Natun'. 

14. Pliilosojdiical Transact ions of the Royal Socicd-y of London, Series A and B. 

If). l*hysi(‘s AI)stractR (Stn-tion A of Science Abstracts). 

I(». Plant BnuMling Abstracts. 

17. l*roce('dings of the Royal Society of K<liid»urgh, Sections A and B. 

15. Proceedings of the Royal Society of London, Stiries A and B. 

Ih. R('])orts of the DepartnuMit of Scientific and Industrial Research of Groat Britain, 

20. Be])ort of t he Nnfli('ld Foundation. 

21. lv<iport of Rot hamstead Fx])erimentul Station. 

22. R<'sear(*h. 

22. Science Library Pibliograjdiical Stories of Science Museum, South Kensington. 

24. Science Muscnim Library ; Monthly List of Accessions to the Library. 

2d. Science^ Progri'ss. 

20. Today. 

27. Transact ions arid Proc(?edings of the Botanical Society of Edinburgh. 

2H. llniversities Quarterly. 

Ireland 

J’ro<'('eiiing.s of tlie Royal li’ish A(mdeni;y , Dublin, Sections A and B. 

H nngar}! 

1. Tlungai'iea Acta Pliysiologica (Academia Scientiaruin Hungaricae, Birdapest). 

2. T(a'm(\sz,ct es 'reidinika, Budapest. 

Italy-- 

1. Atti d(‘lla Societe Italiana di Scienze Naturali e del Muboo Civico di Storia Naturale in 

Milano, Milan. 

2, Pubblica/.ioid della Stazic^io Zoologica di Napoli. 


N el her land ti — 

.laai boel^ del' RijkHuniveT'siteit te Leiden, Leiden. 


N or wa y — 

Bergiais Museums Arbok, Bergen. 

Poland — 

1 . Bulletin Internationale de T Academic Polonaise des Sciences et des Letters, Cracovle. 

2. Gomptc's RonduB Mensuels des Seances de P classe des Sciences Mathornatiques ot 

Nat uralles, Cracovie. 

2, Fundaiiienta Mathernaticac?, Warsaw. 
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Roumania — 

Bulletin de 1’ Ecole Polytechnique de Jassy, Jassy. 

Sweden — 

1. Bulletin Mensuel de T Observatoire Meteorologie do 1’ UniverBitite d’ Uppsala. 

2. Bulletin of the Geological Institution of the University of Uppsala. 

2. Clmlrners Tekniska itogskolas Handlingar (Transactioixs of the Chalmers University of 
Toclmology, Gotlioburg). 

4. K. Lantsbriiks Hogskolans Annaler, Uppsala. 

T). K. Svenska Vetcnskapsakadamieixs, Stockhohn; Arkiv for Kemi, Mineralogio och 
Geologic. 

f). K. Svenska Vetenskapsakadamiens, Stockholm ; Arkiv for Mateniatik, Astronomi och 
Kysik. 

7. K. Svenska Vetenakapsakadarnions Handlingar, Fjarde Serien. 

8. K. Svenska Vetenskapsakadamiens Haixdluigar, Tredje Serien, 

9. Lunds Universitots Arsskrift, New Series. 

Switzcrlcmd — 

1. Archiv(58 des Sciences (Societe do Physique et d’ Histoire Natiiralle de Geneve). 

2. Vorhandlimgen dor Naturforschendeii Geselleschaft in Basel. 

2. Verhandlungon der Schwcizerischen Naturforschenden Geselleschaft, Bern. 

4. Viortoljahrsschrift der Naturforschenden Geselleschaft in Zurich. 

U.S.S.R.- 

{Titles translated into English.) 

1 . Astronomic al Journal of the Academy of Sciences of the U.S.S.R. 

2. Biochemistry Journal of the Academy of Sciences of the U.S.S.R. 

J. Modc^rn Biological Successes. 

4. Bulletin of the Acadoniy of S< ionc*e8 of U.S.S.R., Series Biologique. 

T). Bulletin of the Ac ademy of Sciences of U.S.S.R., Series Economics and Law. 
r>. Bulletin of tJie Ac'adomy of Sciences of U.S.S.R., Series History and Philosophy. 

7. Bulletin of the Academy of Sciences of U.S.S.R., Series Literature and Linguistics. 

8. Bulletin of the Academy of Sciences of U.S.S.R., Series Matlwjinatics. 

V). L^oklady (Comptes Rendus of the Ac^ademy of Sciences of the U.S.S.R.). 

Kh Journal of the Crimean AstrojJiyBical Obseiwatory. 

11. Journal of General Biology. 

12, JoTjrnal of General Physiology. 

IJ. Mathematical Collections. 

14. Memoirs of the Academy of Sciences of U.S.tS.R. 

If). Memoirs (Bestnik) of Ancient History. 

16. Mi<;robiology. 

17. Nature. 

18. Soviet State and Law. 

19. Zoological Journal. 


3 
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APPENDIX 
(a) Receipts and Payments Account 


Ist Aprin948 ISthNov. 1948 

Roccipta. to to Total. 

1 7th Nov. 1948 31 st March 1 949 


Ks. A. p. Rs. A. p. Ks. A. p. 

To Opening l^alant o aa on Ist 
Ai>iil 1948:-- 

Ks. A. P. 

4% J.oan 1900-70 

F.Y. Kh. 17,000 

3% (_V)overmou Loan 

lOiGF.V. Rh. 29,000 

47,189 3 10 

Tmjx'rial Lhink of India 

Onrreiii A/c .. 40,743 10 7 

lrn|)oiial Hank of India 

Saving Rank A(a*ount . . 2,514 3 6 

Oaali in hand . . 23 9 9 

90,471 0 8 90,471 0 8 

,, Grant, from Goviunnaxit of India .. 58,500 O O 98,500 O 0 1,57,000 O O 

,, Grant, frojn Govertiniont of India for 

Rnilding . . . . . . 50,000 0 0 50,000 (> 0 

,, Refund of Grant -in -Aid for Scientifie 

Publications . . . . r>,(K)0 0 0 .... 0,000 O 0 

Grant-in -Ai<I frtan Galcutta UJiiversity . . 500 0 0 .... 500 0 0 

.. Moinbcas’ Subseription .. . . 3,134 14 0 5,900 O 0 9,094 14 (> 

,, Mc^ridu'rs’ (Jonipounding . . 502 0 0 .... 502 0 O 

,, Members’ Admission Fec' . . . . .... 480 0 0 480 0 0 

,, Indian Sf.ieiieo Abstract Fund . . .... 10,000 0 0 10,000 O 0 

,, lOmjdoyees’ Provident FuJid . . .. .... 1,720 10 O 1,720 10 0 

,, Set urily from Accouniaiii . . . . .... 2,000 0 0 2,000 0 0 

,, l.C.M. Grjint. for Admitxist ration for Ke- 

stuin lj Foilowsbip .. .. 20,400 0 0 ]3,20(t 0 n 39,000 0 0 

,, J .(kJ . for ReH(xircb Fell(.)Wshi]) Stipoiul .. 25,940 11 0 12,000 0 0 37,940 II 0 

,, 1 .CM . Resi^'arch F<41o\vsbi]> Gonlingeru ioB 3,242 10 0 1,500 O 0 4,742 10 0 

,, Sale of I'ublicat ions of t be 1 jist ituto .. 714 15 0 080 8 0 1,395 7 0 

„ Interest Jhxiliscd .. .. 043 4 0 008 0 0 1,311 10 0 

,, Miscellant'ou.s Recei|)ts . . . . 9 0 0 38 0 9 47 0 9 

,, Fm])ioy('(‘s C'outribution to Piovidorit 

Fund .. .. .. 591 3 0 284 8 0 875 11 0 

IncoTinota.x R(H‘(»v('ied .. .. .... 17 3 0 17 3 0 

JJr. N. L. I’balnikai- (Deb ased) . . 341 7 0 341 7 0 

,, Advaiux' to (Udeutta Ollice ((.boss Receipts) .... 7,388 9 0 7,388 9 0 

,, Advance t o I’ooiia ( Mlice (Gi’oss Reexapts) 1,351 10 3 1,378 14 9 2,730 9 0 

,, Ad\'anco to l.)i’, S. L. Horn (N<4.) . . .... 150 O O 150 0 0 



Totaj. .. 2,24,408 10 11 2,05,973 2 0 4,30,381 12 11 

Kxamined and found correct. 

Kasumkrio Gatk, ])Knur, S. VAI14YANATIT AIYAR & CO. 7 . 

dth Jiine^ 1949. Regiaicred Accou 7 itantf{. y ^ ^ 

3B 
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V 


for the year ended 31st March, 1949 


Paymeril-s. 

let April 1948 
to 

17th Nov. 1948 

18th Nov. 19^8 
to 

31st March 1949 

Total. 


Rs. 

A. 

p. 

Rs. 

A. 

p. 

Rs. 

A. 

p. 

By Salaries and Gratuity 

14,951 

10 

6 

9,607 

5 

0 

24,558 

15 

6 

,, Institute Contribution towards Provident 










Fund 




1,079 

6 

0 

1,079 

0 

0 

,, Travelling Expenses 

16,289 

1 

9 

5,661 

14 

6 

20,851 

0 

3 

,, N.T.S. Research Fellowship and Contin- 










gencies 

.‘17,091 

1 

0 

28,937 

10 

0 

66,028 

11 

0 

, , Publications includii ig Freight and Cartage 










thereon , . . . ^ . 

17,701 

12 

0 

26,884 

0 

0 

00 

12 

0 

,, Grant-in -Aid to Scion tific Societies for 










publications 




16,000 

0 

0 

15,000 

0 

0 

,, Library Expenses 

4,590 

14 

3 

4,615 

2 

3 

9,206 

0 

6 

,, I. CM. Research Fellowship Expenses: — 










Administration 

4,085 

'2 

9 

2,734 

4 

0 

6,819 

6 

9 

Advertisement 

768 

8 

0 

528 

8 

0 

1,287 

0 

0 

Stipends 

18,217 

9 

9 

12,586 

10 

6 

30,804 

4 

3 

Contingencies , . 

1,057 

11 

6 

2,189 

0 

3 

3,246 

n 

9 

,, Expenses for Compilation of Register of 










Scierititic R(>8(!arch Porsonrud in India. 

1,351 

10 

3 

1,378 

14 

9 

2,730 

9 

0 

,, Expenses towards Popularisation of 










Science 

4,000 

0 

0 




4,000 

0 

0 

,, Building (.^jiistruction (Foundation Stone 










and Plan Expenses) 

7,767 

4 

6 

1 ,000 

0 

0 

8,767 

4 

6 

,, provident Fund Payment to ('X-Employees 

2,096 

5 

0 

588 

11 

0 

2,686 

0 

0 

,, Rent, Ratos and Taxes 

288 

0 

0 

1,420 

0 

0 

1,708 

0 

0 

,, Printing and Stationerj’' 

1 ,466 

9 

0 

2,431 

3 

0 

3,887 

12 

0 

,, Oftice Equipment 

498 

0 

0 

13 

0 

0 

611 

0 

0 

,, Postage and 'iVlcgranis 

694 

14 

9 

926 

1 

3 

1,621 

0 

0 

,, Adverlisomeut 

246 

4 

0 

155 

15 

0 

402 

3 

0 

,, Conveyance Ex j senses 

203 

12 

0 

36 

6 

0 

240 


0 

,, MiscellajieouH Exi^enses including Servants’ 










Liverii^s 

354 

14 

0 

163 

15 

0 

518 

13 

0 

,, Audit Fee 

200 

0 

0 

160 

0 

0 

350 

0 

0 

,, Bank Charges 

14 

0 

0 

169 

10 

6 

183 

10 

6 

,, Contribution to other Science Academies 










under Rule 19 

36 

4 

0 

672 

0 

0 

708 

4 

0 

,, Amount Recoverable from ex- Account ant 




351 

7 

3 

35J 

7 

3 

„ Advance to Dellii Office Staff 

795* 

0 

3 

442 

1 

9 

352 

14 

6 


(Cr.) 








,, Advance to Calcutta Office Staff 




105 

0 

0 

105 

0 

0 

,, Advance to Calcutta Office (Gross Pay- 










ments) 

3,000 

0 

0 

4,095 

0 

0 

7,095 

0 

0 

,, Advance to Poona Office (Gross Payments) 




1 ,000 

0 

0 

1 ,000 

0 

0 

,, Cash and other balances: — 










4% Loan 1960-70 Face value Rs. 17,000 










,*}% Conversion Loan 1946 Face value 










Rs. 29,600 . . 




47,189 

3 

10 




Imperial Bank of India on Current 










Account 




1,17,899 

15 

10 




Imperial Bank of India on Saving Bank 










Account 




2,639 

6 

6 




Imperial Bank of India Provident Fund 










Saving Account 




1,726 

10 

0 




Cash in hand 




312 

16 

6 




Postage Imprest 




28 

6 

6 

1 ,69,090* 

*9 

2 

Total 

1,36,746 

6 

3 

2,93,636 

7 

8 ' 

4,30,381 

12 ; 

11 
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(b) Imperial Chemical Industries (India) Research Fellowship Grant. 



Rs. 

A. 

P. 


Rs. A. 

P. 

Balance as on 1 -4-48 

3,874 

1 

9 

By Receipts during the year 



,, Payments during 1 948-49 

34,051 

0 

0 

1948-49 .. ‘ 

42,689 5 

0 

,, Balance os on 1-4-49 . . 

4,764 

3 

3 




Total . . 

42,689 

5 

0 

Total 

42,689 5 

0 


By Balance as on 1-4-49 . . 4,764 3 3 

(Stipend R8.742/6/9 and 

Contingencies R8.4,021/l2/6). 


(c) Ghandrakala Hora Memorial Medal Endowment. 

[Fouud(»d from an endowment of Rs. 3,000 by Dr. S. L. Hora and Mrs. V. Jlora in memory 
of tboir daughter to bo bestowed quinquennially on the person who has made conspi<‘uously 
important contributions to the devch^pmont of fisheries in India during the live years jireceding 
ttie year of award.] 






By Balance as on 1 -4-48 

3,221 

15 

0 





,, Interest — half-year ending 








15-9-48 {leas Income- 




'J'o Balance 

3,252 

14 

0 

tax) 

30 

15 

0 

Total 

3,252 

14 

0 

Total 

3,252 

14 

0 





By Balance as on 1 -4-49 

3,262 

14 

0 

(d) Grant for National Register of Scientific and Technical Personnel in India. 

To Expenses during the year 




By Balance as on 1-4-48 

1,344 

15 

6 

1948-49 .. 

2,730 

9 

0 

„ Balance 

1,385 

9 

6 

Total 

2,730 

9 

0 

Total 

2,730 

9 

0 

'i’o Balance as on 1 -4-49 " 

1,386 

9 

6 





(e) 

Popularization 

of Science Fund. 

- 



To Payments during 1948-49 

4,00(» 

0 

0 

By Receipts up to 1-4-48 

4,402 

0 

0 

,, Balance 

402 

0 

0 




Total . . 

4,402 

0 

0 

Total 

4,402 

0 

0 


By Balance as on 1-4-49 


402 0 0 
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Budget Estimates for 1950-51 together with 

RECEIPTS 

I — Government 

1948-49 1949-50 1950-61 

(Actuals) (Revised (Estimates) 

Estimates) 

Rs. Rs. Rs. 

Government Grant .. .. 1,78,582 1,77,000 2,15,625 

(including -f 33,000 (Addi- 

R8.21,682 tional requested 

carried over for) 

from pro- -f 2,394 {For 

vioua year) registration) 


Total 

1,78,582 

2,12,394 

2,15,625 




(India) Research 

1 . Stipends 

37,947 

54,444 

64,700 

2. Contingencies for Researcli 




Follows 

4,743 

6,343 

8,100 

3, Administration 

39,600 

13,200 

13,200 


(for 3 years) 


(By transfer) 

Total 

82,290 

73.987 

86,000 




111— General 

1. Admission Fee 

480 

448 

480 

2. Compounding Fee . . 

562 

1,133 

500 

3. Memborslnp Subscriptions 

9,095 

6,272 

6,320 

4. (Vmtributions — Calcut ta Univer- 




sity . . 

500 

500 

600 

5. Interest on Investments 

1,312 

1,984 

1,600 

t). Sale of Publications 

1,395 

1,50 6 

1,500 

7. Miscellaneous 

47 

90 

100 

S, Transfer from Indian Science 




Abstracts Fund 



15,000 


Totai. .. 13,391 11,933 26,000 


Grand Totax. 


2,74,263 


2,98,314 


3,27,626 
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VI 

Revised Estimates for 1949-50 and actuals for 1948-49. 

EXPENDITURE 

Grant-in-aid 

1 948-49 1 949-50 1 950 .5 i 

(Actuals) (Kevised (Estimates) 

Estimates) 

Hs. Ks. Rg. 


1 . Staff (including allowances and Provident 



Fund) 

25,638 

25,0()() 

25,000 

2 

T.A. 

20,851 

20,000 

20,000 

9. 

N.I.S. Research Fellowships 

66,029 

l,20,t>0() 

1 ,20,000 

4. 

5. 

Library 

Publication s — 

9,200 

10,000 

10,000 


(a) Institute . . 

44,586 

20,000 

20,000 

0. 

(h) Other Societies 

I^and for Institute Building: — 

1 5,000 

15,000 

15,000 


(a) Registration of Lease Agreement 


2,394 



(5) Rent 



5,625 

Total 

FjffiLLOWSHirS 

1,81,310 

2,12,394 

2,15,625 

1. 

Stipends . . ' 

30,804 

54,444 

64,700 

-> 

Contingencies 1‘or Research Fellows 

3,247 

6,343 

8,100 

3. 

Administration.. 

8,106 

13,200 

13,200 

Kund 

1. 

Total 

InveatmtMit Account (Admission and 
Compounding Fees: Chandrakala Rora 

42.157 

73,987 

86,000 


Memorial) 

Contribution to Indian Sttindards 


1,671 

1,070 


Institution 


250 

250 

3. 

Transfer to Co-operating Academies . . 

708 

360 

360 

4. 

Printing and Stationery 

3,888 

4,550 

4,160 

5. 

Rents, Ratos and Taxes 

1,708 

1,000 

1 ,000 

0. 

Advertisements 

402 

400 

40)0 

7. 

Postage and Telegrams 

1,621 

1,900 

1 ,950 

8. 

Conveyance 

240 

200 

200 

9. 

Office Equii)mont 

511 

500 

500 

10. 

Audit Fee 

350 

300 

250 

11 . 

Bank Charges . . 

184 

190 

2tM) 

12. 

13. 

Miscellaneous . . 

Publication of — 

(i) Progress of Science in India ^ 
(in place of Indian S(*ioncc | 

519 

1 

612 

600 

15,000 


Abstracts) j 

(ii) Year Book ^ 

i 



Total 

10,131 

11,933 

26,000 


Grand Total 

2,33,698 

2,98,314 

3,27,626 
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APPENDIX VII 

SUMMARIES OF RESEARCH REPORTS OF RESEARCH FELLOWS 

A. NATIONAL INSTITUTE OF SCIENCES SENIOR RESEARCH 

FELLOWSHIP. 

(a) Annual Report. 

Name of Research Fellow . . Dr. J. Bhimasenachar. 
vSubject of Research . . Elastic Properties of Polycrystals. 

(September, 1948 — September, 1949.) 

During the year under review, employing the Wedge Method developed in these Laboratories, 
the Elastic Constants of sii^gle crystals of corundum, a very important mineral, have been 
determined. A preliminary note on these results has been published in the pages of Current 
Science and a detailed report has been submitted to the Institute for favour of publication. 
Results on measurements of the Elastic Constants of single crystals of Zircon which have been 
completed, are being submitted for favour of publication . 

In collaboration with Mr. T. Seahagiri Rao, Physics Department, Andhra University, 
Elastic Constants of Some Cubic Nitrates (the series of barium, strontium and lead nitrates 
crystallising in the cubic system) have been determined l)y the Wedge Mc^thod. The results 
have been submitted to the Institute for favour of imblication. In collaboration with the same 
worker Ultrasonic Velocities in Mineral Acids liavo been detennined using a specially designed 
crystal holder (a preliminary rojiort of these results has been published in Current Science). 

In all the measurements reported above the variable frequency R.F. oscillator worked in 
the range of 1 to 10 M/Cs. and had an R.F. power output of about 10 Watts. With this outfit 
attempts were made to determine the Elastic behaviour of quartzite which usually consists of 
small crystals of quartz in a base of amorphous silica. From a lump of quartzite available in this 
laboratory plates were cut in two mutually perpendicular directions and velocities of transmission 
of ultnisonic waves weio detennined by the Wedge Method. It was found that the transmission 
of the ultrasonic waves was verj weak with the result only transmission of longitudinal waves 
was observed wliereas the transmission of torsional waves was not observed. Under these 
conditions no relation could bo obtained between the clastic behaviour of the quartzite plate 
and the elastiir constants of tlie single crystals of quartz and the elastic constant of silica. 

It was felt that a more powerful variable frequency R.F. oscillator would be helpful in the 
investigations. Aeeordii\gly an oscillator has been designed to give ultimately an R.F. j)Ower 
of 500 watts in tlie r(>gion of 1 to 200 M/Cs. The necessary power supply unit has been rigged 
up and it is eapablo of delivering 750 m.a., at 2,600 v olts with a ripple less tlian 1%. As a first 
step in the completion of this powerful unit a variable frequency R.F. oscillator working in the 
region of 2 to 40 M/Cs. and giving 200 watts of R.F. power has been constructed using a singles 
Philips T.B. 2-6/300 valve. 

With this powerful set the elastic behaviour of quartzite will be investigated again. A 
sv'rios of experiments on compressed crystal powder cakes of barium nitrate will be undertaken . 


(b) Final Report. 

Name of Research Fellow . . Dr. F. C. Auluck. 

Subject of Research . . Statistical Thermodynamics and Quantum 

Electrod ^naini cs. 

(February, 1947 — August, 1948.) 

The research work was done mainly along two lines: — 

(i) Partition Theory and Statistical Thermodynamics. 

The first physical application of the partition theory [the celebrated formula due tci» 
Hardy and Ramanujan for p{n)] was made by Bohr and Kalckor in 1937 in estimating 
the density of energy levels for a heavy atomic nucleus. A detailed study of the corre- 
spondence between Statistical Tliermodynamics and the Theory of partition of numbers 
has been made. This study has led to several interesting generalizations of the partition 
concept, an important result being the extension of the idea of partition to non -integral 
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powers of integers. For exaanple there are only 15 nuinbers less than or equal to 4, 
which can be expressed as the sum of the square roots of integers. 

(ii) Quantum electrodynamics. 

Beginning with Dii’ac’s fundamental paper of 1938 on the classical theory of the 
electron, the subject of quantum electrodynamics is at present in the forefront of physical 
interest. The Riesz method which had proved so fruitful in the study of hyperbolic 
equations (Huygen’s principle and related problems) providers a powerful technique for 
dealing with divergent difficulties in electrodynamics and meson theories. Wo have made 
a study of this method and obtained some new and ini crest ing resuHs, e.g, wc have shown 
the equivalence of this method with the method of residues. In another paper a Fourier 
analj^sis of the Riesz field has been made and applied to the eliniination of the ]ongitudii*al 
waves. Tlus subject has at the moment become of exceptional importance in view of the 
discrepancy between Dirac’s theory and the spectnm\ of the hydrogen atom established 
by the beautiful experiment of Lamb and Rutherford. 


Some of the results obtained have already been published in the following 
papers, and others are under publication: — 

1. Partitions into powers of integers (with Dr. D. S. Kothari). Proc. Roy. Irish Acad., 

April 14, 1947, p. 13. 

This paper deals with tho partitions of a large number n into summands each 
of which is the «th power of some positive integer, s being a positive integf^r, repet itions 
being or not being allowed. 

2. Partitions into non -integral powers of n (with Dr. D. S. Kothari). Natvre, 162, 1948, 

143. 

3. Partitions of numbers into non-integral powers of integers (with B. K. Agarwala) under 

publication . 

4. On Now Partition Formulae. 

(With K. S. Singwi and B. K. Agarwala) (under preparation). 

Tliis paper deals with the number of partitions of a largo integer 7i into smaller 
integers and half odd integers, such that each summand is either not repeated at all 
or is allowed to repeat only an odd number of times and (i) in enf*h }>artition the 
‘types’ of summands is exactly N, and (ii) when there is no restriction on the number 
of ‘types’, 

5. Electromagnetic level shift and effect on radiation field (with D. S. Kothari). Nature, 

July, 1948. 

6. A note on the Riesz method and the method of residues (with D. S. Kothari). Proc. 

Roy. Soc., 198 . 1949, 170. 

7. Thompson scattering and the hole theoiy (with D. S. Kothari). Phys. Rev., 76, 1949, 

433. 

8. Riesz field and its Fourier Analysis (under publication). 

Name of Research Fellow . . Dr. B. D. Tilak. 

Subject of Research • . Affinity of Dyes for Cellulose and Proteins. 

(August 23 — November 7, 1948.) 

While the addition of surface active agents in tho dyeing process generally leads to level 
shades it is not clear whether surface activity in a dye molecule will lead to better substantivity 
and better fastness properties. With a view to study the relationship between surface activitj^ 
and substantivity in the azoic dyes, fatty acid derivatives of 2-hydroxy-3-naphtlioic-(4-amino) 
anilide were prepared by condensing two molecules of the latter compound wdt}\ adipic and 
sebacic ocid dichlorides. The corresponding lauric acid derivative was also prepared. The 
azoic dyeings from these fatty acid derivatives are being critically compared with those from 
Naphtol-AS (2-hydroxy-3-naphthoic anilide). 

While the substantivity of several ary lidos of 2 -hydroxy -3 -naphthoic acid with different 
aromatic amines has been studied, the effect of substitution in the nticleus of the 2-hydroxy-3- 
naphthoic acid half of the molecule does not appear to have beei* examined. 6-Benzoyl-2- 
hydroxy- 3 -naphthoic anilide was, therefore, prepared starting from Naphtol-AS and benzo- 
dichloride. This method could also be probably extended for the preparation of other 6-aroyl 
substituted raphthols. Substitution by benzoyl group in the C-position in Naphtol-AS resulted 
in a decrease in solubility in aqueous caustic soda, and the naphtholation of the 6-benzoyl 
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(lorivativo bad to be carried out from ari aqueoue-alcoholic solution, with resultant loss in sub- 
•stantivity for cotton. 

The Hubstantivity of dyes for cellulose being largely governed by the ability of tlio dye to 
attacli itself to cellulose bj^ hydrogen bonding at the piimary hydroxyl groups in cellulose which 
are spaced at regular intervals of lO’^lA, synthesis of the fatty acid amides of the type (I) was 
uudertakei*. 



07=- 0, 1, 2, 4 and 8. 


The dianudes from adipi<‘ acid {x — 4) and sobacic acid {x ~ 8) were synthesised by con- 

densing the corresponding acid dichlorides and a-aminoanthraquinone. The oxalic acid [x =— 0) 
dianiide was a yellow sparingly soluble vat dye. 


Name of Research Fellow . . Dr. K. Subba Rao. 

Subject of Research . . Colloids. 

Drought ResiMance of plants in relation to Hysteresis in Sor2)fion /. 

Hydration and dehydrat-ion of the loaves of certain drought resist ant and drf>ught- 

sensitive plants. 

A new ajjproach to the problem of drought resi8tan<‘e of plants has bofui made frcuii tlic 
poii't of view of Hysteresis in Borjdion (Rao, K. S., Kao, M. B. and Rao, B. 8., Chirr. Sci., 334, 
17 , 1948; Proc. Nat. Inst. Sci. (India), 15 , pj). 41-49, 1949). Balsam, Grass, Baddy, Bagi, Wheat 
anil Oats were chosen for tlie study. The loaves of these plants were subjecdifd to sueeessivo 
dehydration anil hydration in a (juartz fibril spring balanee (MeBain, J. W. and Bakr., J. Am. 
Chern. Soc., 690, 48 , 1920; Rao, K. S., J. IVnjs. Chem., 500, 45 , 1941). 

Blv sterosis effect is observed in all the systems and the liysteresis looj) disappears aftiu’ a 
certain number of hydrations and dehydrations. In the early stages, the capillaries of the leaf 
are made up of fairly rigid walls. Tiie cavities ontra}) water and cause hysteresis. The entra]>] >ing 
effect is due to th(' rigidity of the leaf tissue. It is likely that the rigidity of tljc leaf tissue' is a 
factor of importance in laiabling th<5 j)]ants to conserve watei- during perioils of drought . 

On successive liydrut-ion and del^ydratioii of the loaf, there is a fall in the Ijydratiou { ajiacity 
at sat urat ion pressure, Tljis is duo to the deiiaf uration of the protoplasm and a decrease in the 
liydro})hilic character. 

The relative positions of ( he Ijydratioii isothemis of t he leaves indicat e that in ilie relative 
humidity range uf 0-r)-()-95, the six jdants show a gradation in the water holding capacity. At 
any' j)nrticula,r liurnidity in tliis range, balsam takes the lowest and oats the liighest amount 
of water. The six plants can be arranged In the increasing ord(‘r of drought lesistancc' as 
follows:-- balsam, grass, paddy, ragi, wheat and oats. Balsam is tlio least and oats the most 
drought resistant. In accordance with the cavity'^ theory of soiption hysteresis (Kao, X. B., 
Chirr. Pci., 69, 9 , 1940), there is in balsam a. preponderance of wider ca^dtios and in oats of 
narrower ones. 

Drought Resistance of plants in relation to Hysteresis in Sorption II. 
Adaptability of the Ragi plant to varying conditions of soil drought. 

The principle of adaptability of drought sensitive plants to severe drought conditions is one 
uf great. in\portance and has been extensively studied by Russian workers. Whether during 
this adaptation, any ehaiigo is produced in the capillary structure of the leaf has been studied 
with refereiK^e to ragi as t he experimental plant (Rao, K. S., Rao, M. B. and Rao, B. S., Proc. Nat. 
Inst. Sci. (Indiu), 15 , pp. 51-58, 1949). Ragi plants A, B, C and D were grown in soil droughts 
of 65%, 47%, 40% and 36*5% respectively of the total water holding capacity (26%) of the red 
laterite soil. There was a marked dififerenco in the growth, height and yield of the four plants. 

When the plants were 80 days old, the blades were removed and subjected to a series of 
dehydration and hydi’ation at 30° C. in a quai*tz fibre spring balance. Hysteresis is exhibited in 
all the cases. The hydration and dehydration isotherms and the hysteresis loops are nearly 
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cioirif idcnt. This indicates that the cavities and open pores in t lie blades of tlie four plants are 
almost of the same size. 

There is, however, a regular variation, though siiiall, in the smallest cavity neck radius. 
The radius in D is smaller than that in A, those in B and C being iotermediate between these 
two. It is probable that by extending the treatment of exposure of thr^ plant to severe drought 
over a number of generations, the small differences in the capillary structure of the leaves may 
become more prominent. 

The amount of water lost in the initial dehydration of the leaves is related to the age of the 
plant. The leaves of 80-day old plants lost approximately 350 gms. of water per 100 gms. of 
dry loaf whereas those of liiO-day old plants lost 265 gms. 

Changes in 'pH of the white and yolk of fertilised hen^s egg during incubation in air^ 
carbon dioxide and liquid paraffin. 

The variation in pH is an important factor in the elucidation of the mecliaiusm of many 
bio(diemical processes. Tlie variation in pVL of the white and yolk of fertilised hen’s egg during 
incubation in air, carbon dioxide and liquid parafiin lias been studied. After incubation over 
different intervals of time, the eggs were lemoved, the whit<; and yolk weic' separated and the 
pH determined by employing a glass electrode. In fresh egg, the white has a pH of 7-85 and the 
yolk 6-17. On continued incubation in air, the 7 >H of white increases to a maximum of 9*5 up 
to 36 hours and later decreases continuously. The pH of the yolk is practically constant up 
to the 2nd day and later increases slowly but continuously. The initial rise in pH of the white 
is duo to the loss of carbon dioxide and the subsequent fall to the metabolic processes resulting 
in the yiroduction of carbon dioxide. The small increase in pH of the yolk is due to protein 
catabolism resulting in the formation of ammonia (Needham, J., 1942, Biochemistry and 
Morphogenesis, Macmillan Co., New York, p. 592). 

The pH 'Time curves of the white and yolk of eggs incubated in carbon dioxide and liquid 
parailin are practic^ally coincident. The pH of the white shows a small and continuous decrease 
and that of the yolk a small and continuous increase. The conditions being anaerobic, the 
normal metabolic processes in the growing embryo are hind(u*ed. Consequently the changes in 
pH are small. 

Hysteresis in Sorption XVII. 

Hardening of scricin and its influence on sorption-desorption hysteresis. 

The behaviour of seiicin in regard to the hysteresis effect in the sotption of waf er and the 
effect on hysteresis of hardening scricin by hardening agents like fommldehyde and basic c;hromium 
sulphate luive been studied. The hardened as well as unhardened scricin were subjetded to 
successive sorption and desorption at 30° C. With hardened sericin, a permanent hysteresis loop 
is obtained whereas with unhardened sericin the hysteresis loop initially exhibited decreases in 
size and finally disappears. 

A permanent and reproducible hysterc^sis loop is characteristic of a rigid gel (Kao, K. S., 
J . Phys. Chmu.y 500, 45 , 1941), whereas a dwindling and disappeaiiug loop is characteristic of an 
elastic; gel with solvating liquids. Seuicin is an elastic gel like caseijq egg albumen and gelatin 
(Kao, (I. N., Kao, K. S. and Kao, B. 8., Proc. Incl. Acad. Sci., 221, 25 , 1 917), rice grain (Kao, K. S., 
Curr. tSci.y 256, 8 , 1939) and gum arabic (Kao, K. S., Purr. Sci.^ 1 9, 9 , 1 940) in losing the hysteresis 
loop initially exhibited in the soiption of water. On hardening, sericin loses its swelling property 
and behaves like a rigid gel. The cavities entrap water durijig dehydration and cause hysteresis. 
The entrapping effect persists oven in the subsequent cycles of liydratioii and dehydration. 

Compression-expaiision hysteresis in surface films. 

By employing the Adam’s modification (Adam, Physics and Chemistry of Surfaces, Oxford 
University Press, 1941) of Langmuir surface pressure balance (Langmuir, J. Am. Chen},. <S’oc., 
1848, 39 , 1917), the compression-expansion hysteresis of the films of sericin and egg albumen 
has been studied. The expansion curve is always below the t ompriission curv^e, and the hyfeteresis 
loop is reproducible. The loop has been scaimod by subjecting the film to expansion at different 
points on the compression cuiwe and to compression at different points on the expansion curv^e. 
The expansion scanning curves reach the low pressure end of tlie loop and the compression 
scanning curves reach the high pressure end. The compression-cx])ansion hysteresis effect and 
the cliaracteristics of the scanning curves are probably <;onuected with tlie hydration changes 
in the protein film. ' 

Name of Research Fellow . , Mr. U. R. Burmaii. 

Subject of Research . . Internal Constitution of Stars. 

(October 1, 1943 — September 30, 1949.) 
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Tho writer is engaged in the construction of convective radiative stellar models with a 
discontinuous change of chemical composition across tho interface. Tho usual models in the 
tlioory of stolltir structure are, however, constructed on the basis of a uniform composition through- 
out tho whole mass, as it is not improbable that slow convection currents maintained by radiation 
in the domain of radiative equilibrium cause an exchange of matter between this region and tho 
cMMitral core. There is also another point of view. According to the modern theory of energy 
goiieratiou in stellar interiors, continual conversion of hydrogen into helium is taking place by 
t-honno-nucloar reactions within the convective core and the heat evolved in these processes is 
responsible for the maintenance of the stellar radiation. If we assume that mixing of matter 
does not proceed across tho boundary of the core, these nuclear processes probably cause changes 
(increase) of molecular weight in the central part of tho star while tlie molecular weight outside 
tht^ (tore remains practically unaffected. This possibility may lead tho star in the course of 
evolut ion to assume a structure of a new typo — tho model with a discontinuity of molecular 
weight across the surface of the convective core. A study of this latter type of model appears 
therefore to have considerable significance in the way of understanding the internal constitution 
of stars. 

In a recent paper {Proc. Nat. Inst. Sci. India^ 15 , 269, 1949) the writer has shown that if 
there exists a conveotivo cor(^ fitting on to a given radiative envelope constructed by an inte- 
gration of the stellar equations from the boundary inwards, with assumed values of the mass 
(M), radius {H) and luminosity (L) and an assigned composition constant throughout the stellar 
material, it is not possible to obtain another core consistent with tho same envelope solution, 
allowing for a distjontinuous (diango of composition across tho intoidace. This conclusion 
would lend a uniquonoss to the solution of tho stellar problem of fit obtained imdor suitable 
(drcumstances. 

AssumiTig that stars are built on this model, tho writer is now working oti the problem of 
dotennination of tho hydrogen and helium contents of some stars from tho observed values of 
their mass, radius and liuninosity, so as to be in agreement with Bathe’s law of energy generation. 
1 1 has been found that tho equations govoraing tho problem, taken along with some vory plausible 
assumptions regarding the composition of the stellar material within and outside the convoctive 
(tort^, are jnst sufficient for the determination of tho desired quantities. This does not, however, 
imfjly that the equations will always admit of physically significant solutions. In fact, only 
under very special circumstances such significaTit solutions are to be expected. The internal 
const itutiou of some well-know'n main sequence stars has previously been w'orked out by N. K. Sen 
and tho present writer on the basis of uniform composition and Bethe’s law, and it has boon 
found that there iiro some stars whoso constitution could not bo explained on this model (uniform 
(jompositiou). Tho present work of tho writer, as stated above, is aix attempt to explain tho 
structure of those stars, on tho new model. The work involves considerable numerical com- 
putations and is expected to be <M.)mpleted soon, when the results will be sent for publication in 
the Proceedings of the National Institute of Sciences of India. 


J5. NATIONAL INSTITUTE OF SCIENCES JUNIOR RESEARCH 

FELLOWSHIP. 

(a) Annual Report. 

Name of Rosoarch Follow . . Mr. K. Das Gupta. 

Subj(ict of Research . . Soft X-ray spectroscopie study of solids. 

(August 23, 1948 — August 22, 1949.) 


Energy states of valence (dectrons of binary ferrous alloys have been investigated with a 
\ acuinu spectrograph designed in Prof. Siegbahn’s laboratory at Uppsala. Tho mounting is 
of Howland’s type and bent gypsum and mica crystal being used as concave grating to work in 
Ihe soft X-ray region 5-18 A.U. K valence band spectra corresponding to the transition of 
v alence electrons into the inner vacant K level of A1 and Si of Al-Fe (21%, 35%, 65% of Al) 
and Si-Fe (4%, 14%, 24%, 58%, 76% of Si) alloys have been studied. I'aj 2 band of iron in 
various iron compounds have been investigated with a bent mica cryst^J in the region 17-18 A.U. 
Some special t^^x liiiique regarding the experimental procedure had to be adopted to investigate 
t he L bands witli its associated weak structm’es. 

Energy states of valence electrons of NaCl have been completely drawn from the K absorption 
and K valence band emission spectra of Na and Cl in NaCl. The diagi-am indicates the origin 
of the fundamental ultraviolet absorption bands of NaCl as obtained by Hilsch and Pohl. Such 
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agreement between the experimentally observed values of ultraviolet absolution bands and 
those obtained indire('tly from soft X-ray absorption and emission data has been obtained in 
the case of NaF, NaCl, NaBr, Nal, KCl. RbGl, CsCl, CaClg, SrCla, CuCl, AgCl, etc. 

In the L band spectra of iron, the main band due to the transition 
as Jygf apj)ears at 17,572 for pure iron and stalloy and for compounds and alloys of iron the band 
shii'ts to shorter wavelength side and tho value of A is 17,565 x.u. In the case of alloys and 
compounds of iron which are less ferromagnetic or non -magnetic an exti'a band on tho shorter 
wavelength side at 17,486 x.u. attributable to tho 3d band structure has been obtained. Tho 

experimental results show that the energy gap between the two 3d structures is 3'(> e.v. Tho 

extra band is very weak in the case of highly ferromagnetic substances, e.g. pure iron, stalloy, 
otc., and promijient in tho case of Fe-Si (Si 58%), Fe-Cu (Cu 85%), Fe-Al (21% Al) in 
which magru'.tism has been considerably querxched by alloying. In the ease of magnetic iron 
sulphide the extra band is stronger compared to that of the non-magnetic variety ; similar is the 
case with magnoti<' and the non-magnetic iron oxide. The experimental results have been 
inter]:)reted in the way of Pauling's semi -empirical theory of Ferromagnetism. 

in the case of Al-Fe and Si-Fe alloys the band of Al and Si shows distinct struct ures and 
the energy gap between tho structures is 3-0 e.v. tho same as between tho 3d band stiucturcs 
of Fo i> band. Such cross transition from adjacent elements apparently against the selection 
principle has been supposed to octiur in tho cose of halides and the oxides and has been obtaiiuxl 
b^' Skinner and the author. 

Namti of Researcli Fellow . . Mr. S. D. Misra. 

Subject ol Hesc‘arch . . Study of phases of desert locust with special referen(;e 

to its musculature. 

(September 10, 1948 — September 15, 1949.) 


1. Intkoduction. 

The National Institute of Sciences of India granted a Junior Research Fellowship to Mr. 8. D. 
Misra for two yeais (1948-50) to continue his research work on tho ‘Study of tho I’hasoe of the 
Desert Locust with s])ecial reference to its musculature’, under tho guidance of Prof. K. N. Hahl. 
Tho aj[)piuv<.‘d ros<xtrch work was started on Septembta* 16, 48. 

2. PltOGRAMML. 

Tho study of tho head (Misra, 1946), neck and prothorax (Misra, 1947) of tho Desert Locust, 
Schislocerca gregaria Forak&l, phase gregaria, having been <'oiiipleted earlier, the work was 
continued on the following lines: — 

I. In phase gregaria, 

(i) Study of the moso- and metathorax. 

(ii) Comijarisou of muscles of the Desert Locust with those of other locusts and grass- 
hopjjers. 

(iii) Study of the abdomen. 

II. In phase solitaria, 

(i) Collection of pihase solitaria material from different places in the Rajputaoxa desert. 

(ii) A critical and comparative study of phase solitaria similar to tliat already done in the 

phase gregaria, with a view to find out the differences in tlio mus<JeH of the two 
phases. 


3. Work done during the year. 

I. In phase gregaria, 

(i) A critical and complete study of tho external morphology and myology of moso- and 
metathorax has been completed. 

(ii) A comparison of head, neck and thoracic muscles of the Desert Locust, phase gregaria, 
has been made with the following 3 locusts and a grasshopper from among the Acrididao worked 
out by previous workers : 

Subfamily — Catantopinae 

Schislocerca gregaria Forsk&l (Misra, 1946, 1947 and 1949 — in pre^s), 

Anctcridiuin aegyptmm Linn. (Berlese, 1909, La Greca, 1947). 
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Subfamily — Oedipodinae 

Dissoateira Carolina Linn. (Snodgrass, 1928, 1929). 

LocusUi mi<jratoria K. and F. (lining, 1939, Uvarov and Thomas, 1942). 

Subfamily — 7 'ryxalinac 

Dociostaurus marocccmvs Thnbg. (.7 anno no, 1940). 

Some spocdinons of tlie Egj-ptian Bird Locust, Anacridium aegyptnim Linn, and the Moroccan 
Loc3Ust, Dociostaurus 7 narocmn/us Thnbg. were obtained from Italy through the courtesy of 
Prof, (iiuseppo Jannone, Director Dsservatorio Malattie, (Ionova. This material proved helpful 
in the verilication of })oiutH of origin and insertion of some muscles described by Jannone (1940) 
and in their coinparisoji with those t>f Schistocerca gregaria. 

II. In phase soiitarin, 

(i) In order to collect phas(< solitaria material Dr. H. S. Pruthi, Plant Protection Adviser 
to the Govt, of India was recjueHted to arrange for Mr. Misra’s going out on a tour with a locust 
party, to the outbreak ctiulics in the 3:<,aiputana dt^sert. This tour was arranged and it enabled 
him to collect phases solitaHa matfvrial as w'ell as to see the ecologi(^al ('onditions prevailing in an 
outbreak area, Kaloo, in tlie Bikaner State in June 1949. Hero, with the Anti-locust party, 
he leanit the method of coritrolling locusts by hand-]>icking, a method tried at the instance of 
the Ministry of Food, Govt, of India. He also visited Jodlipur, Nokha (Bikaner State) and 
Bikaner. 

4. Publication. 

Mr. Misra lias now comi)leted the writing out of the resulls of his study of moso- and meta- 
thorax of the Desert Locust (1 (i) in the ProgramiiH}) in the form of a paper — Studies on the 
Somatic Musculattjhe of the Desekt Locust, SCBISTOCKJWA QREOABIA (ForskIl), 
Phase QJiEGARlA. Part - The Piero thorax.’ This paper, witj» the permission of the 
Secretary, N.I.S., has been sent to the Indian Jourmil of Entomology ^ and has been accepted for 
publication in the December issue of that journal. 

5. Work to be done. 

The work to be done durii'g the following year is as follows: — 

I. In phase gregaria, 

(ii) Comparison of abdominal muscles of the Desert Locust, phase gregaria^ with those 
of other locusts and grasshoppers. 

(hi) (Study of the morjjhology and myology of the abdomen. 

11. In phase solitaria, 

(i) Taking bioiiiotrical measurements of phase solitaria in order to separate out the 
extieuu> forms of this ]»hase so that the comj>arativc study on them with those of 
phase greyaria may 8ln>w tlie greatest contrast in the two phases. 

(ii) The comparative study of pluise solitaria with that of the gregaria. 


Name of Research Fellow , . Mr. Y. Sunder Rao. 

Subject of Roseartdi . . Cytology of Helobiales. 

(October 18, 1 1)48—0 (tober 19, 1949.) 

Mr. Y. Sundar Rao has been engaged during the year 1948-49 in the cytologieal 
study of Helobiales, an order of great importance from the view point of phylogeny 
of the following plants, particularly monocotyledons. He has investigated the 
families Butomaceae, Alismaceae, Hydrocharitaceae and Najadaceae, giving special 
attention to the (jomparison of the karyotypes in order to elucidate intergeneric 
and interspecific relationships and work out the genetic basis of evolution in the 
group. 

Butomaceae. 

Butornopsis laftccolakt Kmitli. The 14 somatic (diromosomes (tw o long, four medium and 
one short pairs) are (haracterised by median, submodian and terminal constrictions. The 



ANNUAL EE PORT 


rj57 


presence of three pairs of chromosomes with terminal constrictions is the striking feature of the 
karyotypes. 

Hydrocleis commersonii {-nymphoides) Rich. The diploid chromosome complement with 
about 12 c^hromosoines is similar to that of Butomopais indicating a close relationship and common 
origin. 

Butomus umbellafua Linn. This germs is interesting for its diploid, aneuploid and triploid 
intraspeeific <‘hroinosome races with 26, 28 and 40 chromosomes respect ively ; the race with 
26 chromosomes is a common one in India, Sweden and America. It is interesting to note that 
the basic nunibei* 13 (‘an bo derived from 7 and 6 of the two previous genera. Hybridisation and 
aubse(][uont ainphidiploidy are the probable factors of evolution of this genus. 

Alismacbae. 

AUsrna plantago Linn. This is a diploid species of Alisma with 14 chromosomes out of 
wlii(di two arc satellited. Th(3re ai'o five pairs of chromosomes with median or submodiai'. 
constrictions and two pairs with subterminal or teiminal constrictions. 

Ech inodor u a Rich. Two specie^s wore studic^d: JB. ranuncnloides with 2n ~ 16 and E. 
radicals witJi 2n ^ 22. The former has four pairs of median or submedian chromosomes and 
four pairs of terminal or subterminal chromosomes. The latter has all the chromosomes with 
either terminal or subterminal constrictions except one long x>air with median constrictions. 

Sagittaria sagittifolia Linn. The diploid number is 22. In having one long pair with 
median constrictions and the rest with subteiminal constrictions, the karyotyjjo of this genus 
resembles that of Echinodortis radicana. 


H YUKOOH ARITACEAE . 

Ill this fanrily the following are the diploid chromosome numbers: Blyxa sp., 2i? =- 16; 
Ilydrilla verticillata ("asp., 2a — 16; Vallisneria spiralis Linn., 2n = 20; Ottelia, alisrn aides Tors., 
2a 22, C'a 40 and 66 and Boottia sfn, 2n == 66. 

In Vallisneria, tliere art' t hree jjairs of long, one jmir of medium and six ])airs of short chromo- 
somes with terminal or subteiminal constrictions and with rxo sex chromosome in(3chanism. 
Blyxa Hj)., though .similar to Vallisneria in vegetative characters, has a different karyotype. The 
16 chromosomes ]ioa o either teiminal or subteiminal constrictions. In Hydrilla rerticHlata, the 
live pairs of long and the three pairs of short (.‘hromosornes are characterised by median, sub- 
nu'dian and subtc^rminal constrictions. The genus Ottelia, i>articularly the species O. alis 7 noides, 
is intia’t'sting for its diphjid, tetrax3loid and hexaploid chromosome races with different ranges 
of go(3grapl]ic distribution. Boottia sp, agrees with hoxajiloid Ottelia in chromosome numbers, 
ill spite of its dicliny. 


Najadaceae. 

One tetraploid species of Najas with 24 chromosomes with a pair of SAT-cbromosonies has 
boon studied. 


Generae Oonoeusions. 

The jjattern of evolution of genera and species in Hf'lobiales seems to bo governed by (1) 
aneuploidy, which determines the intergoneric relationshij^s in many families ; (2) polyploidy, either 
by simple multiplication of wliole chromosome sets or by the fusion of diploid and hajdoid 
gametes leading to the formation of a series of intraspeeific polyjdoid races ranging from trijjloids 
to hoxaploids, which differ litt le in morpliological features, but have their own range of geographic 
distribution ; (3) wrnphidiploidy, is responsible for the evolution of liigher taxonomic units, 
like the genus Butomus; (4) structural changes like fragmentation and reciprocal translocations 
or inversions, leading to the formation of terminally or subtemiinally constrictexi chromosomes, 
which form an outstanding feature of the karyotyjios encountorod in most of the genera. Such 
changes are usually associated with aneuploidy or polyiiloidy ; (5) mutational or a^nphiplaslic loss 
of satellites. 

Name of Research Fellow . . Mr. V. R. Thiruvenkataehar. 

8iibj(3et of Research . . Studies in compressible fluid flow. 

(December 19, 1947 — December 18, 1948) 

The general subject of the research undertaken concerns recent developments in the theory 
of compressible fluid flow; in jiarticular, the hodogiaph method, subsonic; and sujKjrsonic flow 
past given bodies such as a cylinder or airfoil, the occurrence of limiting lines an(l phenomena 
relating to shock waves. 
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The following special x:>roblems have been investigated ; — 

J . Arialoyne of Blasius' formulae in subsonic compressible flow, 

A gen<?)rali8ation of the von KArmdn-Tsien method was given recently by C. C. Lin for 
obtaining ( oiiipi eBsible flows with circulation around clost^d profiles. Starting from the equations 
given by Liri, the following formulae may be derived for the force {F) and the moment {M) in 
Hubsonic comjjressible flow, which are analogous to the classical foimulae of Blasius: 

Hero 'ico(^) is the complex velocity iri the associated incompressible flow and k{Q is the function 
introduced by Lin. It is further shown that when applied to a simple airwing in a uniform 
stream, the force-formula yields tl»e Prandtl-Glauert rule. These results are given in a paper 
published in the Proc, Nai. Inst. Sci., XIV, No. 8, 1948. 


2. Thin airfoil in compressible shear flow. 

The x)rob]em of shear flow past a circular cylinder and a symmetric airfoil has been worked 
(»ut by H. Tsion in the (‘ase of a perfect fluid. An attempt has been made to investigate if 
the notion of shear flow could also b(' used in the cose of compressible fluids. Helmholtz’s 
vorticity tla^orenii, when apj)lied to 2-dimensional steady flow, yields the following condition for 
comi)ree8ible shear flow: 

kU 

Vx — Uy = P 

Po 

where (7(1 -f- Vq — 0 is the velocity and po the density in the main stream. With 

tJiis condition, the problem of a t liin wing in compressible shtmr flow has been worked out and 
exx^rossions for the drag and the lift have been derived. It is first shown that the flow problem 
can be reduced to one for a j)otenlial flow with velocity -potential ^ and stream function 
satisfying tlio differential equations 

+ = 0 (A) 

dJ/ \ i %)* I 

By suitable ax)proximation8, the equation (B) is reduced to the following form, in the case 
M > 1 : 

= 0 

where A is a constant. A solution of this equation satisfying the boundary conditions (expressed 
in tonns of 0) is constructed by means of the Fourier intt^gral and thence expressions for the 
drag and tho lift are derived which axe analogous to those in the shear -free case. A paper 
embodying these results has boon published in the Proc. Nat, Inst, Sci. (Vol. XV, 1949). 

An alternative method of j)roccdure has also been devi8ed,^which consists in staiHug out 
with the equation (A) instead of (B). The boundaiy condition (expressed in terms of ^ now) 
is developed into a Fourier seiies and the equation (A) is solved by the usual method of separation 
of variables. This method is applicable in both the subsonic and supersonic cases. 


it. Tho problem mentioned in No. 2 above is that of a thin airfoil in steady shear flow. 
Tli(' corresponding problem of the nonsteady motion of a thin airfoil in shear flow has also 
been studied, on tho lines of the work of O. Taussky in the case oi uniform supersonic flow. 
The following formula for the velocity potential is derived; 


4>{i* V» 



Vds 


.r t;o8 (ms/r) 




where 
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For the shear-free case this reduces to the formula of Tauasky. {Proc. Nat. Inst. Sci,, 
XV, 1949.) 


4. Circular cylinder is compressible shear flow. 


With the notion of compressible shear flow i/itroduccd above, the problem of the flow past 
a circular cylinder has been investigated. The corrcspomling i)rob]( in in the in compressible case 
has been treated by Tsien. For the solution of our problem, use has been made of the Chaplygin- 
KArmiin-Tsion ajjproximation and the Rayleigh-.lanzen expansioji. The equations of motion 
ajid the condition for compressible shear flow yield the following differential equation for the 
stream function : 


d^\p oxj dy\P oy) Po 


(C) 


With the Chaplygin-Kann4r\-Tsion approximation, the Bernoulli ( quation for ihis case gives 






p2 



(B) 


where Cq = acoustic velocity at infinity. The equations (C), (B) constitute two equations for 
determining ^ and p. 

Wo solve these equations by a method of successive ajiproximations, adopting the Kayleigh- 
Janzon method, i.e. wo set 

[M=^UM (E) 


and retain only teims of the order Af". 

It is well known that the Chayilygin-Karnuin-Tsien ni>proximnt ion invoh cs the lU'glect. of 
terais of the order ; thus our use of the ('KT approximation in deriving <h(' (apiation (1>) is 
consistent with the subsequent procedure of negh^cting t(*rms of the order in tlu^ expaiLsion 
for 0, Substitution of (E) in (D) yields 


^ . 
P 


1 4- 


2U^ 


{€ 


,(o)^ 


4 o(Afi). 


(F) 


Ins€>rting (K) and (F) into (C) and comyiaring coefltcieiits of powers of on both sidi's, wo get 
the following equations : 


(0) , d«) 

4 

XX yy 


= kU 


m 






ryy 



(H) 


The first of these equations corresponds to the solution of the problem for M — 0, i.e. the 
incompressible case treated by Tsien. Taking for the solution given by Tsien for the 
circular cylinder, we have the equation (H) for t he detemiination of With the dotennina- 

tion of 0^^^, the density p and hence the pressure are also determined, and the force and the 
moment are determined by the usual formulae. It is thus found that tlio effect of compressi. 
bility is not only to increase the lift, but also to ]>roduce a drag. The lift-and-drng- 
coefftcionts are 

Oj, = +A), A = (2-021 -f 0-327A'2)3f2, 

= 2-6181C2Af2 

where C^^ is the lift coefficient for the incompressible case and K is the non-dimensional 
velocity -gradient in the main stream. 

A paper embodying these results has been communicated for publication in the Quarterly 
of Applied Mathematics. 

Tsien has also worked out the solution for the flow past a s;yunmetric Joukowsky airfoil and 
by taking this solution for 0^^’^ in the above formulae we obtain the compressible shear flow 
past the airfoil. 

4 
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Name of If^osearch Fellow . . Mr. S. Vedaraman. 

Subject of Research . . AdBorption of gases by industrially important 

catalysis and kinetics of gas reaction. 

(October 1, 1948 — September 30, 1949.) 

.1. Coristmctioii of a now Adsorption Unit made of all pjrex glass which can measure 
adsorption correet to l/l(»0th of a c.c. Photostatie coj)y attaclied. 

2. AdBor])tion isotla'nns of hydrogen on standard synthetic mothajiol catalyst Zn 0 -Cr 203 
(composition ZnO 75% and CVgOg 25%). 

3. Adsoj j)tion isot iH'nns of carbon monoxide on ZnO-Or 2 f^ 3 - 

4-. Aflsoi']>ti(m isotherms of hydrogen on a newly'' developed promoted methanol catalyst 
(copper 5015%, y.inc 3(>-0«(„ TiOo 12 03%, Th 1 *55%, and Ce 0*25%). 

5. Adsorption iKotlie]7ris of carbon monoxide on the promoted methanol catalyst. 

(). Adsorpti(tu stmiios of liydrogcn on copp(»i' and iron phthalocyaninf's. 

7. AdH(»r])ti()JL Hliidi(\<-' of nitrog(7i on })}itiialocynnine8 and their metallic doiivatives. 

S. Adsorption isoDicrms of ludrogen on a newly developed Fischer Tropsch cataly^st 
(Ni-ThOa-SiOa gel). 

0, JSorptioii of hydrogen on poisoned nickel catalyst . 

10. 1 )evelo}>mcnt of a tanv volnmetrie static teclmique for t)ie nicnsiiremeiit ol adsorjdion 
of gases on <*atal^ sts of indust lial im})orlaiu (i at. «*k'vatcd ]>rcssuics- diagram attached. 

11. Adsorpt ion isot herms of hydrogen on ZiiOd'rQO;, at elevated pressures. 

12. Velocity of adsorption of tlo and ('() o«i ZnO-Urotlg. 

13. Fnergies of activated adsorjition ha\<' ht'cn calculated. 

14. Tsohars for individual gases ha\ t' Ikk'Ii drawji. 

15. Heats of adsorj>tioi) of the gas(‘S on catalysts liavti been calculated. 

(6) Final Rkvokt. 

Ntimc cf Research Fellow . Mr. P. A. Rtvmakrishiui Iy('r. 

Subjcjct of ibvsc^a-rch . Studies on ropi'oduetion in bats. 

1. /.Vowc ti.'ijtccL'i of re prod KCtion in Rhinolophufi ro'uxi {'remn.), 

J*rcviouft work on rc/ 2 )roduc 1 ion. i)i in.src/iroronfi hats. 

Reproduction of tla^ iusc'ctivorous hats of th(' Umperate regiojis has attiiictcd <'Oii.sidcrahle 
attention of (kndiiuMit nl workers for oA tT a centmy , aj\d more nM-ently in Fiiglaiid and America. 
The obsorA atioiis goncrally suppoi t the view that autumn ct>nstitutes the mating season ajid t hat 
tlui spenunto'/oa recei\r(l fiom tho fall <‘o]>ulations nvv r<'sj)on8iblo h)r the activation of th(’) 
lm]ltur(^ ova whicli aic rnJnascd during the spriig. The s})ennatozi>a of th(' fall inseminations 
survive hibernation in a. qui<'s<'{‘nt state tathi'i- in the uterus in the family VespertilioTiidiu^ 
(Robin, 1881 ; ( Jrosser, 190.*!; Courrier, J927 ; Nakano, 1928); or in a ventral outyjoeketing of t}»e 
vagina in tl»e familv R1iinolo]»hidae (Flies, 1889; Courrier, 1927; Harrison Mathews, 1937). 
Ovulation takes ]>lac<' mid tho fertilization ot curs in the s]>rijg by the stored spermatozoa. 

Th(^ late wintt'r and spring matings as Avi'll as luiginnl fall matings aie (kdinitely known to 
occur (Robin, 1881 ; Duval, 1895; (Jutbric, 1933; CairKT and Kalliow, 1934; Wiinsatt, 1944). 
Thf' ]>ossibility of wint(>r and early s)>riiig cttpulations are denii'd by Grosser (1903) an<l Harrison 
Mutlaws (1937), whosi’t observations were based on the yiresence of a vaginal ydug during hiber- 
)Lation. These are cast out in t he spring and the ova released are fertilised by one of the stored 
syiermatozoa. This obsia N ation found further BUj>yx)rt from the works of Gates (1936) on ^lyotis 
sodalis and Myotis 1. lucijugus and Folk (1940) in Epicsic^ts J. f^oscus. Wimsatt (1942 and 1944) 
y>rovided ('xyxa’imental evidence in JM yoiis 1. Indf nyvs and Epirsicus J . jvseus^ t hat the syjerma.t ozoa 
introdut-ed int o the uterus of the fi'inales at thc' end of the fall insemination ren^ained functionally^ 
alive within the uterus throughout the hihenvation period, which lasts for several months, and 
uudi'r normal coiiditious initiate noniial development after fertilisation of tl»e ova released from 
the ovary in the syiring. 

The exception to the above is jirovided by the observations of Hartman and Cuyler (1927) 
on N yet h ion ills incxiexnras fi’om Tt^xas, which though essentially a temy)erate syiecies, exhibits 
a sliort copulating season in sj^ring resulting in immediate feHilization of tlie egg and dtwelopmont 
of the embryo. Storage of By:)emis is not found in the uterus except at this short copulating 
season. 

Previ<yiis work on tropical insectivoro^ia hats. 

Little is known on this subjec t on troj)ical insectivorous bats. Our knowledge, till recently, 
was limited to occasional records of jaegnancies. One such instance is provided by Yerbury 

4B 
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and Thomas (1895) from Aden, whore tlioy noticed pregnancies in tljree species of insectivorous 
bats during the months of Marcli and April. 

Pliillips’ studies on Ceylonese miciocdiiroplcra. convoy the general idea that they aie 
monoestrous, with the exception of Pipistrellvs pipistrcllnsy which, according to him, ‘seem to 
breed all the year round 

The first full study of tlie reproduction of any tropical insectivorous bat is that by Baker 
and Bird (1930) from Now Hobridf^s. Thedr slutly was cliiefly centred on Miviopterus mistralia 
and recorded th(^ presence of a sharj^ly defined breeding season at a time corres] londing with the 
southern spring. Kertilisation aiid development of tho embryo ]}r(H‘eeds without delay after 
cojmlation, unlike what is soon generally in tt‘my>ora.te sjiecitis, when^ hibernation occurs. There 
is no evidence of prolonged storage of s])eiTnato7oa in tho genital tract of the hanale though 
a few are found in the uterine glands during the early jwegiiancy. Ihicf reports ai t^ also added 
by tliem on the reproduidion of t hree other Hpeeics of ins<‘('tivorous bats, 

Tho studies of Harrison Mathews (1942) on the re])roduction of South African lints adds to 
our knowledge on tlus subject. From a similarit y <>f the state of the male and fiaualo genital 
tracts of the species lie studic'd, he concluded that tht^y yioint. towards the occurrence of definite 
breeding seasons, which corrcsjjond loiighly with those found in MmiojAci'Ka anafraiia, studied 
by Baker and Bird (1936). 

With the idea of dotonninijjg the reproductive behaviour of Indian (.'hiroptiaa this study 
was undertaken. 


Ohservalio'iis on reproduction in IlJiinolophva ronxi (Tcnnt.). 

Material.- — An extensive collection of about 650 spcciiufuis of this liorscshoo bat li*Jiinolop/in.s 
ronxi was made from an old well about 45 milos from Bangalore*, wlicrr' (Ik'^n are available in largo 
numbers. They were collected by mt'ans of nets, as they reliuiu'd to tlaar haunt, after their 
usual h'ed, aliout inidniglit. The nuinbor eolk'cted is large and distributr'd through the year. 
Tho results are based entirely on a study of sjreema ns in a wild state. 

Sex-raiio. — A disprojiortionate ratio of about 62% favouring the femab's was oliscTvc'd. 
This poreentago of males to females might 1 h» taken as correr f, sinr e the animals woro jn'oeund 
in tb(' wild stato and no discrimination was exercised in eolleeting. 

Aye and growth . — Kund Anderson (1917), basr'd on a study of tr'oth of this spcirdes of hat, 
stated, ‘Fivo or six years as t ho extremo possibles age of t his hat ’ and addr‘d, ‘If one sJiould havo 
hazardr'd a siinyile guess at the possible? age limit of a bat. <»f this size, it wanrld liavt? b('(?ji vtay 
inueb the same.’ My own stiidi<*s iir this direction e<uifirm the view of Kund Anderson. Tbo 
age? limit of this borsc'sboe bat a])pears t o lx? e>nly livr* \<‘ars turd tht? sixth y(?ar of life is vory 
doubtful. Tho evidence at band at piesiait is not in fa\ «>ui- of stat ing that, tiro youngdjorn reach 
sexual maturity in tiioir first, season. 

Tho collection imiuded none which wars dedinitejy too Himill to be adult, taking into 
cor mid era! ion their size. Some were soxrrally imnuituir* (hiring tlu? breiding si'ason. The 
immature males could be detocterJ by the* vt'iy small size of tin? testem, absencr? of lumina 
ill tb(? s(‘miniforous tubules and t he absmiec' of spi'iinalozoa in tho e])ididymi(ies ; and th<? 
temales by tho inunatui'o condition oJ' tho ovaries which show only a small degree of growth 
and activity, ai}d also tlio abnost equal sizf? of tho two utciino corjiua wdicn comj)aJed with 
the fejnales experi(?ncin.g their first bn^eding season. 

ihfrdc6’.~Tho ti'stes in tho inaturo males aio in active sjx'rmatogc'rumis and reach their 
maximum woight during t he months of fSejrtembta’, O(?t oher and Nov(’nd)er. The (qaclidymides 
are abundant wit h sponnatozoa. The regression of t ho tc'sl (‘s b(*gins in tlie lat t er part of December 
and tho sections of tlu? test, os show that tho involution of the B(>minif(^rous tubules is in piogress 
during tho months followung. 

Females . — Tho mature females during the third wo('k of NoviMuber did iK»t show any visible 
signs of prcignaiicy, tScrial sections of the female grudtalia did not revead the y^rcscnce of sper- 
matozoa in tho uterus. Tho right ovaries of the mature females contained Graafian follicles 
with much liquor folliculi suggestive of impending early insemination and ovulation. Only one 
follicle is ruptured each year. 

During early December, tbo mature females fell into tw'o groujis: t hose which had copulated 
and eontaiiied oai'ly and late morulae with the zona p('llucida in tact and blastocysts which had 
not yet become implante<i; those females which had copulated hut had not yet ovulated and 
lastly, those which were awaiting insemination ja'ior to ovulotjon. 

Period oJ copulation .- — It is suggestive from the foi-ogoing data that insemination and ovula- 
tion oc(?urs between the latter part of November and early Decembr?r, w hen the days an? beginning 
to get shorter and tho temperature is falling. Fertilisation and devolopmopt of the embryo 
proceeds without delay after copulation. There is no evidoneo of storage of speimatozoa in tho 
genital tract of tho female. 

Pa/rturition. — Young are born in the latter part of April and early May. The period of 
gestation is about 150 days. The young ai’e born with eyes closed, flesh coloured all over and 
practically naked. 
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There is only cue young at each pregnancy, whicti was without exceptioii in tho right horn 
of the ut( 3 ru 8 . Ovulation froro tho right ovary ai)pearB usual and only one corpus luteum is 
presout irj t he right ovary of t he pregnant females. 

Tho studios point to tho conclusion that Hhinoloph'KS ronxi is monocstrous exhibiting a 
limited but distinct breeding season. 

2. Reproduction in CynopUzriis sphinx sphinx (Vahl.), 

Previous work on reproduction in fruit bats , — Meagre is our knowledge of the reproduction 
of fi‘uit bats. Available data on this subjec t show that they are monofstrous. Three species, 
viz. Pteropus (jigantcus, Rousetfus ac<j!i]>tiaciis and Rovsettus leachii, apf)ear to be polyoestrous at 
any rate in the zoos, hut it does not follow that they are polyoestrous in t lu'ii' native habitat. 

It will not be out of place to ro(‘ord laao the statement of Marshall (1922) that ‘it does not 
appear to bo known whether the polyoestrous conditioif ever occurs in bats ’. Since then a few 
exa,inpl(‘s demonstrating this phenomeroT) in bats have come to light. 

Among the Micrex hiroptera, tljo IMiyllostomid bat CaroUia pcrpicillata (Hamlett, 1933) 
appears to be polyoestrous; similarly among the African species Chaerophon pnlilns (Braestrup, 
1933), Nycteris luteola and N. hispida (Mathews, 1942). Mathew^s (1939) also dc'seribed the 
j)honomenon of post-j)ai turn oestrus in JNyctcris Intcola. 

The investigations of Baker and Baker (1936) offered evidence that two species of fruit bats, 
Pteropus geddicA and P. cotirius, from New Hebrides were rnonoestrous, ])resenting distinct 
breeding season. 

Phillips (1936) found in the Ceylonese fruit bat Cynopterus sphinx sphinx (Vahl.) ft^rnales 
with young (luring most months of the year and suggested that- the breeding was y)roba!)ly 
intermittent through the yc^ar. 


Ohsermtions on Cynopterus sphinx spdiinx {Vahl.). 

The rc^production in this fruit- bat varies fi'om the other examples cited in which information 
is available. There are tw’o j)regt am ies in sm-cession in tj.e mojith of March, suggr^sting the 
|.)('ly()<‘strouH condition in this sjxxit’.s. Further study alom^ can d('t(‘rmiiie wlu'tlicj' the brei'ding 
is continuous or is rcstrictc'd t(j any (hdinite yicTiod oj tlie ycai’. 

Bats of this sj)ecies collectcxl from two l(»caJilies, in th<' hit tea- half of tho montli of March 
contained females in lactation witli the young attached to the nij)]>los. Among them some 
fcmiules had co}aila.t('d and cemtaim'd spermatozoa in tlu' utc'i'us, whik' otlura were in early" 
pregnancy. The coile'ction inchukd also mak-s in full fujutional acti\ity. This yihenomenon 
of post-partnm (X'strus in a fruit bat in its jiativo habitat is recorded. 

The pr('gnnncy alteinat(s li('t\v(‘(>n tlu' two liorns of the uterus ajid tho ovaries o^■^date 
alternatfdy. Ouo eoipus liiti um w"as yjresent in tlu' o\ ary of tla^ sana- side of the pngnaneyy 
which jmrsisted till })arturition. Only^ one young is jnoduced at ('acli birth. 

Nain(3 of Research Fellow . . Dr, N. K. Sarkar. 

Subject of lv(‘searcli .. Studies in certain aspects of tlio (diemistry and 

physiology of snake-bit(\ 

(October 10, i947-~~Octobcr 9, 1948.) 

From the behaviours of nerve and muscle in cardiotoxin solut ion, it has been inferred that 
the cardiotoxin acts dir<‘cttv on tlu> muscle, leaving aside tho ner^\ (^ and ncuromiiBcular junction 
intact. The (‘ohra vinonv, how"twcr, on thc' oilier hand, acts both on the muscle and the ncuro- 
nuiscnlar junction. The jiivsent work has been und(‘rtaken witli a view^ to elucidating the 
iiioehauism of irreviwsihk' eont T action of muscl(‘ brought about- by venoms, digitalis and other 
allied drugs. Tho vast amount of literature that has accumulated on the subject of muscular 
contraction indicates that the energy^ jcquired for the contrac tion of muscle is obtained from the 
breakdown of adenosine tripliosjdiaf o (ATP) into adenosine dijdjospbate and phosphoric acid, in 
yjresoiTce of myosin which ac^ts as an enzyme. 

ATP ADP + P-f 1 1,000 cal. 

Assuming this to be tru(>, in every ca,se, a large numbeir of experiments have been done to study the 
(diects of venoms feud other dings in intro on the breakdown of ATP. Out of all these substances 
only cobra venom can bring about the breakdown of ATP, ev(;n without the piresence of myosin. 
8o far so, tho action of cobra venom on the contraction of muscle can be understood, but the 
eauHO of contraction, brouglit about by’ cardiotoxin and other drugs, could not be explained on 
tho basis of this explanation; because of tho fact that none of them has got any" phosphatase 
ac tivity and could not bring about tlie breakdown of ATP. Expierimcnts with cardiotoxin, 
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digitalis, etc. have also been dor>o witli extracts of diaphragm muscle of pigeons, and the results 
are found to bo tho same. Cobra venom heated at 55°C. for ^ hour losrs its phosphatase activity, 
but even tlien this heated venom solution can bring about the slopyjage of the movements of an 
isolated heart and can ya-oduco contraction of gastrocenendus rnusele. All these results therefore 
iiidieate that tlu’i bn^akdown of adenosiiio triydiosphato is not tla^ primary caiisc' of ('ontractioii . 
Tho more recent work of Szont-Gyorgyi and his colk'agius lias led tluan to th<i conclusion that 
the release of ATT from ATl*-inyosin eorny'h^x is t-hc' yaiinary cause of cont ra<‘tion ratlua' than 
the breakdown of AT1‘ into ADP, and V. Buchthal, Deaitach and Kna])peis ( I discovered that 
ATP, applied to an isolated mnsclo fibre, ]>roduces twitches av a tetanus-like contractien which 
in many ways resemble normal <‘on1raction, and they arrivetl at the conclusion that ATP is 
involved in the yirocc^ss of excitation and that ATP yiresci t in th<' ninsele is in the iiiacti\'o 
condition. Kozsa used freshly isolated muscle fibres and found that d-oy of ATP yierml. suihees 
to cause contraction. Tlie amount of ATP yiresent- in the muscle is rouglily i')(l() tinu s greater 
than the amount required to elicit (*ontractior*. He suggests that tliese small coiu'ciitralious of 
ATP added did not elicit <-ontra<*ticin directly l>ul activatt'd the ndidivt'Jy largi' cjiiantitA of ATP 
yiresont in muscle iu an inactive condition; so that the ATI* ])rcH('nt in. ttu' fibre now behaved ns 
freti ATP. Knowing that t]jo ATP ywi'scnd in the inusclt' is adsoi'bcd to myosin, it is (lilTicult 
to beliove how ATP, added from outside, can holy) t he release of ATP from ATP -myosin coinpkix, 
if wo consider tlu3 following equilibrium t^xisting in tbc' rnusek' system. A(‘('or(iing to the law 
of mass action, tlio addition of ATP from outside should actually ])rcvont ratlaa- tliaii facilitate 
the release of ATP. 

ATP -myosin corny)] ex -|- ATT* ^ ATP-j myosin 

(very small (juantity 
added) 

Thorc'fou', some other jneehanism is involved iix the nieclianisin of contraction of muscle, whicli 
we arc una])k' at: pr(‘s<'ni to say what it is exactly. 

Ttiat tho nu'cluniism of (‘ontraction. in t])o case of cobra vcaiom digitalis and other allied 
drugs is difft'rcjd fi'om tlu^ onealrea(J\' stated, is further strengthened from the results obtained with 
iiioxcitahle muscles. Small amounts of AT’}* (0-r)y),add('d from outside, <‘ou]d n.ot eli( it cont j'at'ticn 
of an inexcitiihlc nuiscle while' e’<.>j.)ra venont, eligitedis and Pa cun yirodue-o e-onf laclion of 

such an inexe ilahk niuse ]<‘. Th<it('rm irrit a])ilit \-, ex eoj-dir.g to mode/rn usage, meuans that a (issue 
e-an ])e made to exhibit ils ])('<-uliar form of funci ioi'.al acti\ity whe'ii st iinnlateel, e'.g. a innsele 
cell will contra.ct, a gland will se'cre'te. Muscle lose's its irriteihility wlien tre*ate'd wit fi an isotonic 
solntie)n e)f arahinose', glncoso, fructose', saccharose', and other sacehariele's or Kt'l. 

T1 10 loss e)f e‘xcital,)ilit y of a muscle bus heeai e)hservcel in solutions of all of tlu'se* suT)Htane'es 
having a. very wide' range of e once'ntmtion. Oidy the time' required feu* the loss of irritability 
ineToasos with elilulie)n. (k)bra ^’t'nom, digitalis, and mono- ar.el di \’nleut inorganic ions like' 
Li, Na, K, Ph, Ps, Pa, TTa, Sr, Mg are vt'ry similar in tla'ir htdiuA'ionr in y)rodncii'.g inexcitability. 
Tl)e most iutere'sting j)oint, of all 1 la' ehse'ivatioUK, is Hint mnse'le dijipeti into a solution of cobra 
venom, digitalis or Pa not only becomes iuexcitahle, })ut also shows ceuitraetie.)!). In tlie case 
of cobra venom, when the muscle has attaiiicd its maximum Teeigld of eor.trnetion, depen.diiig 
upt)n tlio coiicentrat ion of tlie' ve'noin solution, even then tla* muscle has hee'ii found to exhiliit 
exedtahility ; of coui*se mure y)Owerfn] stimiilus is 7*(‘quir('el to e'xe ite the inns<*le. Just the o]3y)osite 
is the case with Ca solution. Jn tliis ceise tlie muscle loses its iriita])iJity roinyJeteJy befe)rc it 
has attaiueel tlio maximum contraction, Pint laTinore-, it has bee n observed that re)l)ra venom, 
digitalis and divalent inorganic ions (‘an prodnee' contraction of an incxcitahle mnse-le'. To sum 
uyj, therefore, all thevse evidence's go to show tlml tlie cause' of extitability and contractility is 
elifforent from each other. 

Fonn has ])oint ('d out that tlio <-auso of iia'xcitahility of a muscle is due) t o a loss of Tv from 
it, and he has been able te) show' tliat tlie muscle remains all tho while excitable wTien a critical 
concentration of KCl solution is us{'d us a medium. In oui* series of ex})('riments, wo obseTwed 
that of all the monovalent ions, K is most etfe'ctivo in ledncing the) excitability of a muscle when 
U8t)d over a wide range of c'oncentration . l*ractically sj)('aking, oven the using {)f a solution, having 
a concentration gre'uter than OTIM (isotonic -with ivsyicct to frog’s muscle), could not jmweuit 
tho loss of irritability. Certain non-electrolytes like aj'eihinosi', glucose), fructe)Be, saccharose, 
etc. are also quite effective in leelucing the excitaloility and quantitative estimations of K and 
Na in muscle, as carried out by Feiui and others, showed that the loss of K. in non-electrolyte 
solutions is very small when comy)ar(*d with the loss of Na and chloride ions. This also j^roves 
conclusively that tho loss of X from the' muscle is not tho causo. All other mono- and di-valent 
ions also behave in a similar way to that of X; except that almost all the divalent ions over and 
above this can elicit contraction of an inexcitahle muscle. Another interesting point is that 
0'45M XCl not only reduces tho excitability to zero, hut also ])roduc('s contraction of the muscle 
at a later phase of its action. The cause of inexcil ability as observed with 0-25M KCl is, according 
to Szent-Gyorgyi, due to y)roventioii of the release of ATP by making its adsorption too strong 
with myosin. But this explanation also fails when we consider the inexcitahility of a muscle 
caused by non -elect rol^'tes. 
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We are thus far off from any tlieoiy or theories which will explain the behaviour of a muscle 
with respect to oxcitubility and eoiitractility in ionh' and non -ionic solutions. We are therefore 
eoritimji?])|r the work on the nature of aciioiis of ionic and non-eloctrolytic solutions on muscle. 

We have already studied the effects of diffcient cations on excitability of isolated gastro- 
conc'inius miisclo of a frog, and from tho results obtained, wo W(U‘e unable to explain the respective 
behaviours of different ions simply on tho basis of hydration values of ions. Assuming tho 
muH(‘lo membrane to t )0 a Bievo-like collodion membrane, the permeability of ions then mainly 
de])ends upon the size of the ion; the gieator tlie hydration value (i.e. tho number of water 
molecules attached) the greater w^ill be ihe size of tlio hydrated ion and corisequontly tho lesser 
will be the ebanco of petmeability. Knowing the hydration values of Li, Na, K, Rb, Cs, Ca, etc., 
and assuming the said hypothesis to he <*orroct, then the corresponchng times as calculated and as 
obtained experimentally should have been of tho same order ; though this has not been found 
to be the case. If we consider the adsorption affinity of tho colloids toward the ions, which 
differs from ion to ion and wliich also increases with decreasing hydration (together with tho 
hydration v^alucs of ions), the results obtained with cations could be correlated to a greater extent, 
though we cannot say exactly liow far we shall be able to c>xplain these observ^^ations. If we 
consider another factor wiiicli is the competition for water between tho colloid and the outside 
ions, over and above tlie assuin])tion 8 made, then possibly we shall be able to explain these 
facts. As wo do not Itncjw, so for, the comparative values of tlio affinity for water, we are not in 
a position i o say anythitig definitely. 

Tho be}ia\i(njr of divalent inorganic ions is veiy interesting. Following the addition of 
Ca-salt, muscle not only loses its excitability but at the same time shows contraction. Tho 
time required for the loss of excit ability and the height of contraction has, however, been observ^ed 
to depend on tlie concentration of the salt solution used. This ]Joculinr behaviour of muscle 
haa also been observed witli Ba, though to a lesser degree. Mg, however, cxc-ept at high (‘on- 
ceritration, could not produce any (*ontraction of the muscle. Though the permeability of Ca 
through tho muscle membrane has bc'on denied liy most of tiie workeis, the poculiar behaviour 
of Ca can only be ex])lained if wc' imagine that some insoluble Ca-protein sail is formed at the 
time of its ontranco through th(' membrane, incri^asing tlu'reby the size of tlie pores, through 
which ions arc sup]>osed to ])aHS tlirough. Over and above this, the affinity of Ca for water is 
very groat. Following the addition of CaCi 2 to a gel or hydi’ophilic colloid dtiiydration, in other 
words, shrinking or stiffMiing occurs indicating the comj)etition fi>r water by tlie highly hydrated 
Ca. Thus the jfhysiologicol effects parallel the pliysicocluTmical reactions. 

Tho olTects of anions on tlK' excitability of muscle has also hec'H studied. Hero again the 
question of ponnealality of anions tlirough rnusclo is important. ThoJo is a great controversy 
over tlie question of pornu'ability of anions through the muscle mcmbran(\ To givo an explana- 
tion of the experimental ri'sults, w<> shall hav^e to assume the jx'rmeability of anions too, as by 
using isotonic solutions of different Iv-saltH, t he tiiuo n'quired for the complet e loss of cxc-itahility 
has been found to differ from one anotlua-. ]n such cases also, mer<> ‘hydration’ is not enough 
to explain their actions; and the anions are arranged according to tluii- capacities in lowering 
the excitability of muscle ns 8 CN, L 15r, NOg, t-1, SO 4 . Ev en over a wide range of eoucentration 
used in our oxperiment H the order of anions l.as been found not to be altered, tbougb siadi a 
reversal of tho order lias been mentioned in tls' literature, 

Th(' woi’k on excitability indicates that- any one of the alkali or alkaline earth ions etiniiot 
maintain the excitability of t he inuHcle for a long time, even thei addition of another ion like K or 
any ot lior ion, i.e. tht' coiiihination of two different ions, is also iiot sufficient for the purpose. 
But of all th(>se ions Na, K. and Ca, when ]>i‘eBeiit in a certain definit e composition, can maintain 
tho excitability for a long time and this solution is known as Ringer. Except the condiination 
of Na, K and Ca, c^ombiuation of any other tliree ions could not produce t he same result and 
possibly this is duo to tlie presence of tdieso three metals (Nn, K, Ca) in the muscle. These jioints 
arc still to bo confiiTiiod. 

Name of Roseareh FtdloAv . . T)r. P. C. Miikharji. 

Subject of RcHearc-h . . Synthesis of steroid sex-hormones and hormones of 

Adrenal Cortex. 

(August 23, 1948 — August 22, 1949.) 

Two difforont methods for the synthesis of steroid compounds liave boon successfully 
explored a few years ago (Mukharji, J. Ind. Chem, Soc., 24 , 91, 1947 25 , 365, 373, 1948). Tho 
extonsiou of these meihcxls for tlie synthesis of tho natural steroid hormor\es, and their related 
analogues, forms the sub matter of the present study. During the period under review the 
application of these two methods for the synthesis of the female sox hormone Oestrone has been 
undertaken imd the study is still being continued. 

Tho basic organic cliemicals required for this investigation, o.g. meta-hydroxy -benzaldehyde, 
meta-brumo-plienol, jS-chloro -propionic aciil, could not be procured from the local market and 
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considerable quantities of each of these compounds had to be prepared in the laboratory for the 
proposed work. 

For the first method, a fairly large quantity of G-mothoxy-ll : 4-dihydro- 1 -naphthoic acid 
being necessary, the compound has been prepared from meta-hydroxy-bonzaldehyde following 
the method of Birch and Robinson (J. Chew. Soc.^ 1044, 50!1). Useful modifications at some 
of the intermediate steps have been introduced with advnmtago and flie above acid has been 
obtained in ca. 20% overall yield from the hydroxy hotr/aldehydo. Experiments for the 
conversion of this acid to the corresponding methyl ketone wiili cadmium dimethyl proved to 
be entirely unsatisfactory both with regard to yield and purity of tlio reaction prodind, and a 
number of other methods are being investigatod now to fiml out the optimum conditions for this 
conversion. 

Following the second method, the synthesis of the valuable intf^rmodiate compound, ctbyl- 
(2-mothyl-2-j8-carbethoxyothyl-cyclopontyl)-(j8-mota-metboxy-]d»enyl et}jyl)-a(^otate has been 
completed. From this compound the tetra<!yclic ring system characteristic of Oest rone can be 
built up in four stops and work in this direction is being continued. 


C. TMPEHIAL CHEMICAL INDUSTRIES (INDIA) RESEARCH 

FELLOWSHIP. 

(a) First Annual Report. 

Name of Research Fellow . . Mr. H. N. Bose. 

Subject of Resear (ill . . Luminescence spectra of different types of phos- 

phors under X-rays and cathode rays, specially 
at low temperatures. 

(November 15, 1947 — November 14, 1948.) 

A systematic investigation of the luminescence of solids imder X-ray and cathode ray excita- 
tion has been undertaken ; the solids chosen are the alkali lialides, some of the structurally 
simplest of inorganic compounds, which have attraef ed the largest niru.)unt of atfenf ion from the 
theoretical workers of solid physics. A fV^w simple organic c rmipoiinds, viz. Naphthalene, 
Anthracene, etc., have also been studied. The ultraviolet luminescences spectra have also been 
taken, wherever possible, for the sake of comparison. 

Si)ecial apparatus for studying the luminosceiuxs s}*octra under cathode rays at ordinary 
temperature as well as at liquid oxygen tem]>oratmc has htnai constriadcd and set up. The 
luminescence spectra of NaCl, KCl, KBr, KI, KBr-Tl, IvJ -Tl, KJ-Ag, KT-Pb, KT-Cu and KI-Mn 
have been obtained at room temperature and most of them at Jow’ temperature. In order to 
study the visible part of the luminescence spectra those meosureiVKaits have been carried out 
with a glass sijectrograph. 

X-ray in*adiation of these crystals are known to create a numht^r of cent res, viz. JP, 7i?j, Hq, 
etc. which are obtained only in absorption. The results obtained in the present investigation 
seem to indicate the presence of these centres in emission as well . 

Impurities included in the alkali halides have no marked inlluonce on the lummesccaice 
spectra of the parent lattice, the characteristic im] purity band appearing along with those of the 
parent matrix. Thus in the (^ase KI-Tl, NaCI-Tl j)uro s})eclrum is not much affected by the 
presence of the characteristic T1 band in the ultraviokd. region. Fiu t Iiot*, t he results indicate that 
some of the emission peaks, as obtained by previous authors and supposed to bo due to Tlirnjmrity, 
are most likely due to the parent lattice and not coimc^dcd with Thniliuni. The ennission of the 
pure alkali -halides consists, iii general, of a numbtir of extended, bunds which gradually increase 
in width with frequency. The emission is further charaett^rised l)y a lonig w'avelength band 
rather shaip and fairly strong, which has almost the same position in all the rdlvali-halich^s. It is 
further interesting to note that this band is absent in phosphoresceiK o. 

TVie work is being continued at low temperature. 


Second Annual Report. 

(November 15, 1948 — ^November 14, 1949.) 


The luminescence spectra of some of the alkali-halides, j)ure and impurity activated, under 
cathode ray excitation have been investigated at ordinary and low temperature with the help 
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f)f a cathf)(l (3 ray tube apocially designed for the purpose. It has been found tlxat pure specimens, 
whic’h tiro non-lumiiioscent under ultraviolet excitation, omit a spectra composed of a number 
of diffuse bands. The effect of different impurities, when added to the melt or as mechanical 
mixtures, has been iriv<istigated ; the effect of concentration on the luminescence spectra has 
boon studied for the syst em KI + Tl. Comparing the measurements with the ultraviolet lumines- 
conco spectra of impurity activattsd alkali-halides, it is observed that part of the omission by 
ultraviolet excitatioji can bo explained as that of the pure matrix emission which is obtained 
under X-rays or cathode rays. Tlio oxisienco of emission, similar to that of TlCl, in the lumines- 
c-once spectra of alkali -halides with high thallium content, indicates an identical environment 
for the thallium ions in these phosphors and tliallous chloride. Easy transfer of excitation 
energy between t he conta’es, inducifd by cathode rays or X-rays, and those due to activators, 
0(*cur8 very freciueutly; it is further suspected that activation of alkali-halides by thallium is a 
ease of indirtict activation foi- tJiat part of the spectra which is common in the activated and 
pure alkali -liulidcs under ultraviolet and X-ray or cathode rays respectively. 

Although the c^xact- nature of tlie emitting centres in alkali-halides is still obscure, some 
general ideas can be obtained from ttio pro.sont investigation. Absence of luminescjcnco by ultra- 
violet excitation indicates that the emitting centres are not present in pure crystals and tliey are 
created by X-ray or catliode ray irradiation. In view of the fact that inclusion of foreign im- 
purities induces an emission of X-ray or (cathode ray luminesconco spectrum of pure alkali-halides, 
oven uudor ultraviolet excittition, it. is natural to suppose that the emitting centres are somotiir\es 
eroat<xl by the impuriti(\s also. lit'^sidcs, transfer of energy takes place between two typos of 
centres in. all cases; sinc<^ the samples are known to bo non-conducting under these conditions, 
energy transfer occurs either by ({uaut.um-me(^hanical resonance process or by self-absorption, 
but' as the same (unit ting C(uitr(3s are created by X-rays or cathode rays and impurities, tlio 
pai'ent matrix omission is ]3rol)al)ly due to tla^ eiu'rgy states of the ions perturbed by the presence 
of tile impurities <jr simikn’ lattice defects. Eurtlicr, the lumiiiescfnu'o spectrum under X-rays 
or cathode rays being most ly duo to t he rocombhiation of free electrons fr(jin t he (*onduction 
hand with th(i omission c(Mvtr<!s, mdy those ceutix's which have excited states near to the conduc- 
tion band will be nat urally more effective than t hose having excited states far below. This may 
be the oxphinalion wliy the impurities, which are oflbctive activators in ultraviolet excitation, 
do not sometimes play as imjxu'tant a rok' in tlio ease of X-ray or cathode ray excitation. 

In ord<'r l(j study the long |>eriod decay eur\'(>s of those pho.sphors under the present method 
of ('xcitation, a ]»hot (eniultiplier (hlUA) with necessaiy circuits has boon set up; tlie output 
eiirrent is ]a*<)pertiorud to tlu^ intensity of light and could bo measured directly with a inicro- 
ammeter without ainiilificut ioii. Tlu^ dark current could bo maintained at 1-5 micro-amps, and 
t he vt.)ltag(' per dyanodo vari(Hl h<'tw(vai .50 to 70 v(.>lts. The decay of intensity (.)f lumim^sconeo 
und(U’ ealh(Kl(» rays lias boon stii(li<‘d for a num}M 3 r of alkali-halidos at different temperatures 
wiMi diden’ent intensities of exeitatloti. Th(^ bi-mole(‘ular law is not capable of explaining the 
(*urv(‘.s ; tli<>y can, however, he (cxplaini'd by assuming tlm presence of one or more trapping 
miM'hauisms inside tlve crystal, and that phos]ihoreseenc (3 is due to the time taken by the (dectrons 
to be rtileasc'd from th<'se traps. Tlioro is further (.widouce that the trapping centres are different 
frtun tlu' emitting ecnitres. 

A D.Ck am])li(ier lias Ix'en set up ; this is being used along with a cathode ray oscillograph to 
i lives! igat(^ the tv jX' of decay just at tlie beginning. A method of determining accurately the 
trap depths from thermo-lumiiuvscoin'e data has boon diwolopod and the necessary apparatus 
for the pu^post^ desigiu'd. 

The luiuinesceneci spectra of some organh*. compounds have been studied under cathode 
ra\'s and X-ray excitation, inten^sting variations from U.V. luminescence have been observed; 
with naj)]ithalono, in addititin to the vibi'atioii bauds in the ultraviolet region (obtained in U.V. 
excitation), a number of visible bands are obtained under X-rays, while by cathode rays only 
visible bands appear, the vibration bands being entirely absent. Under cathode rays some of 
the oi’gaiiic compounds have remarkable afterglows with prominent maxima in the glow curve. 


Annual llEroBT. 

Niinie of llesearcli Fellow . . Air. S. P. Basil. 

Subject of Research . . Ecology of sewage-irrigated fisheries in the Bidya- 

dliari spill area, with particular reference to the 
bionomics of carps cultured therein. 

(July 16, 1947— July 15, 1948.) 

The sidieme commenced on the 16tb July, 1947. Observations were made on the working of 
the two fisheries, namely, Hanakliali (600 acres) and Charcharia (250 acres), both being favourably 
sitxiated for fish-farming in the defunct Bidyadhari spill area and are irrigated by Calcutta sewage. 
All the fisheries in this area are shallow, ranging in depth from 2 to 4 feet. The local practices 
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of fish-farming and sewage irrigation were studied in detail and an attempt was made to correlate 
them with the physical, chemical and biological factors of the fishery waters. 

The Salt Lakes cover an area of about 7f» square miles, of which 50 square miles are marshy 
and unsuitable for agriculture. Out of those 50 square miles, 27 have been converted into 
fisheries yielding 120,000 mds. (4,445 tons) of fish annually. The remaining portion can be 
profitably converted into fisheries and the production will tlu'n iucrenae to 2 lakh nuls. {11,100 
tons). Standardisation of sewage feeding is, therefore, a problem of great economic importance 
and hencie this research was undertaken. 

Sewage is fed one© a month during the summer and winter months, while during the monsoon 
months, the fisheries are drained off to chock overflooding. Sewage is allew(’d to enter against 
the direction of wind and 30 to 40 million gallons of sewage is mixed with 100 t o 120 million 
gallons of fishery water slowly in course of 5 to 10 days, there])y reducing the chanct> of sudden 
pollution and fish mortality diiriiig sewage feeding. Kislieiies are dried up for one or two months 
for periodic cleaning of vegetation aiid drying the bottom. Sometinies paddy is cultivated as 
an altt5rnating crop to prevent the soil getting sewage-sick. 

Typha sp., Eichhrmiia cro.8sipes Sohns, Pistia slratiotes Linn., Lcnuia sp., ( 'craiojiJiy/hwi 
dnnerawn Linn., Triboncma bomhyeinv7ii (Ag.) Derbis and SoJ., V allisiicria spiralis Linn., different 
Hpoeies of Cyperns^ Nitella, Chara, Oedogo7}iunhy etc. form the natural aquatic vegetation, while 
Paniacm sp., Saaeda rnaritima Dim\ort, Alter 7ia.7ith era sessilis Br., etc. constitute the terrestrial 
vegetation. Marginal vegetation of 50' is kept to check the erosion of einbatd^ment. Seasonal 
variation in tho abovo vegetation was also observed. Growth of Pistia, straiivtcs Linn., JjC77i7ui 
sj)., AzoUa pinimta, K.Br,, C eratophyllu7n dcr/iersani Linn, is vigorous in summer, whik^ V allisneria 
spiralis Linn., Oedogoniv77i sp. and Triboitc7)ia bo77}hycin7i7n (Ag.) Derbis and Sol. wci'o prominent 
during winter. 

Growth of Gladocera and phytof)lankton is pmmineiit in summer, while that of Copepoda, 
Rot ifors and Protozoa is modcrat<\ Jn monsoon months, Claducera, Cope])oda and j)hyto])!aJikt on 
grow in moderation, while Rotifers and Protozoa are proinineiit. Plankton contcjit is negligible 
in wint(>r. 

Ophicejdialids, Sihiroids, Anabautidae and Minnows form a natural by-produi’t/ in ilieso 
fisheries in addition to tho carps {Catla catla, Labeo rohiia, Cirrlrma, nirigata^ Laheo calbasu, 
Laheo bata) culturtHl tlierein. 

Surface temperature of water varies in summer from to y3‘^K., in monsoon 84"F. to 

91 °P., and in winter fi()°,F. to 80 °F. 

Dissolved oxygon varies in summer from 7*6 to 8-6 p.]).m., in monsoon (3 G-7*0 p.p.in., and 
in VN'intor 8-2- 9*8 p.p.m. 

CarboJi dioxido reiriains in traces, <5XC(q)t during sewage feeding when it varit^s from 22 to 
20 i).p.in, in tJie zone of })ollution. 

p'H. x'arics in summer from 8-3 to 8-5, in monsoon 8-2-8-4, and in winter 8-8-4. 

Chloride varies in summer from 340 to 500 p.p.m., iumoivsoon 104 300 p.Y).m., and in winter 
112-296 p.p.m. 

A marked diurnal variation in the dissolved oxygen and pH was noticed. In tlie morning 
D.O. was 6 p.p.m. and in tlie evcaiing 14-6 p.p.m., while y>H. was 8 and 9-8 re8])eetively. 

D.O. becomes nil and CO 2 increas(^s in the zone of pollution after sewages fi eding. Sewage 
fed to tlie fishera^s has 100—115 p.p. B.O.D, Nitrates and ])h()sphates do increase. B.O.D. 
incroasoB to 70—92*5 in the zone of pollution and comes to iioiTnaJ in 10-12 days in summer 
while it takes 15 to 20 days in winter. 

Bacteria increase after sewage feeding on tho 1st day, while Protozoa, Rotifers and Crustacea 
inereaso on the 2nd, 3rd and 4th day successively. Phytoplaiditon increases on tlu^ 3rd day. 
Decrease in phytoplankton is followed by decrease in zoojilankton. 

In course of a year from 1 cm. fry, ('alia catla, Laheo roliita, Virrhina inrigala attain a length 
of 40 cm., 30 cm., 25 cm. and weigh 1 j lb., 1 J lb. and 1 lb. respectively. 

10^/q Labeo rohiia and 30% Cirrhina virigala are infected with myxosporidian ])arasites during 
summer, Catla catla being free from infoetion. 80% Catla catla and 20% Cirrhma inrigala wore 
infected in winter, Labeo rohitn being free from infection. In monsoon montlis there was no 
infection. 

These preliminary observations were recorded and experimental ponds wore excavated to 
get scientific; data under controlled conditions, but due to local agitation against the fec^diiig of 
fisheries with sewage, the work had to be abandoned and a new problem on ‘ The effect of some; 
physico-cjhomical factors on Indian food fishes’ taken up in October 1948, with the approval 
of the Council. 


Name of Research Follow . . Mr. T. V. Desikachary. 

Subject of Research . . Morphology and Taxonomy of some South Indian 

Algae. 

(September 11, 1948 — September 10, 1949.) 
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The Algal Flora of some South Indian Mountain Streams. 

Very little is known of tho algal flora, espocially the encrnsting algao, of our hill streams and 
tlieir hydrobiology. In England and oilier countries some woik has boon done on this aspect 
of stream algae by Fritsch, Butcher, Ceil lor and Kuttncr. An attempt is made now to study 
this aspect with special reference to periodicity and setisonal sunession and hydrology. Two 
mountain streams lu^ar Tirupaii (a placf; 00 miles from Madras), viz. Akasaganga and Papanasam, 
have been sehicted for a study' of their algal flora and tlio j>hysical and chemical features of their 
waters, and in tliis scheine of work tho periodicity- and seasonal succession of some of tho chief 
forms liav'o also boon studied. For this puiijose foitniglitly \’isitK were rnadf^ to these streams 
throughout the year. These visits will he continued till the end of Novemb<‘r 10411 to complete 
a 12-month observation of t he Htreams. Me>toorf)logical dat a have also booTi recorded throughout 
tlio period of tiiese visits. 

For purposoH of conipaiison a relatively polluted mountain stream in the same locality has 
also boon studied foj‘ a short j)eiiud for its hycbology, algal flora and tlieir ecological distribution. 

A general study of tho algal flora of another hill stream at Kainhakkam near Madras is also 
under progress. 

Preliminary work on an illustrated, descriptive and sysleinatic account of some South Indian 
Marino Phaeophyceao in Professor M. C). P. Iyengar’s collection has been completed and detailed 
study of each species is under progress. 

Name of Research Fellow . . Mr. Jyotirmay Mitra. 

Subject (^1' Research . . Artificial cultun^ of (‘iiibryo and study of factors 

irilliienciug tlio successful growth of embryo in 
synthetic media under tropical conditions. 

(October 1, 1048 — September 30, 1949.) 

The present investigation deals wdth tho jiroblem of tho eulturo of excised embryos in 
synthetic media under tropical conditions. Tliis type of work has alrc^ady been eaiTiod out in 
temporato countries, particularly'' in America, with success. Thus, with a view to obtaining 
similar results in trojucal countries this work has b(*di undortakc ix. 

In the present investigation, experiments are being conducted mainly with jute embryos 
under different conditions. Later on, other plants of economic importance will be taken up. 

The seeds of t ho field-grown plants were properly disiniected and the excised embryos were 
cultured in agar media containing nutriiait salts and sugar according to Tukey’s fomujla. 

Two series of i-rials \^’(?ro given in the i>i’csont experiment, \ iz., 1. Experimemta done at the 
room temperature and 11. Ex/perimenfs done ai lower temperature in the cool-incubator. In tho 
former category, oxptaiments were (tomha'ted exclusively- under room conditions. In the second 
series of experiments, howoN-ia', dissection and trau.sha’ of embryos were made in a thoroughly 
disinfected culture room and tho cultures w'oro kept in a cool -incubator at 23“C. iFC. 

I. Experiinents done ai the room temperature. — The jieriod of tliis experiment- extended from 
January 1949 to Juno 19*19. For tho finst three months (January, February and March) tho 
range of minimum and maximum temjierature w-as 22^'C. and 29*^Ck res})ectively and it was 29“C. 
and 32‘’C. for the next jieriod, i.e. Ajiril, May and June. 

In tho first part of tlio experiments 150 cultures were made both from Corchorus oliiorius 
and V. cajmilaris emliryos. Growdh in tho majority of the lubes were extremely slow and 
microbial contamination in the eulturo tubes was higli. C -out a mi nation -free cultures, however, 
survived only uji to siwen days. In the socoud jiart of the experimental trial 200 cultures 
were made? with iiici'<")a.sed rate of contamination ajuJ having 2% survivors, 

II. Experinienis done at lower temperature in the cool-mcubator . — In the second series of 
experiments embryos of CJorchorus olitorius, Mnsa A gharlarii and a hybi'id between M. Ayharicarii 
and M. superha were 8i>locted. Hero all the operations were dune in a disinfected culture room 
and incubated at 23"C.;tl°C, Here 92% of tho eultures fj*om jute embryos showed healthy 
growth up to 10 day-s tif incubation period without being contaminated, and a short course of light 
treatment was given afterwards to the dovoloping embryos soon after the appearance of coty- 
ledons. They- were then transferred to soil. 75% of thi'se seedlings ceased to grow after the 
transforenco and tho remaining continued to grow for another seven days at a slow rate. Tho 
first sign of deat h was drying up and that was located in tho cotyledons. 

There was no sign of growth in any of tho cultures of the banana enibiyos though they were 
entirely free from contamination. 

Here again, in the second seriejs of experiments controls were set up with equal number of 
cultures (jute embryos only) which wore incubated at the room temperature (29*’C.'~30®C.) inside 
a dark cupboai*d. The growth was retarded in 88% of the control c ultures wliero the embryos 
began to shrivel on tho Oih day of irambation and they all died by tho 8th day. In a few 
cuJtxires there were sigiis of con tarn inatioia on the 4th day of incubation. 
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It is evident from the above experiments that besides maintenajico of aseptic condition 
during transfer, the influence of incubation tempc'rature might also play an important r61e in 
affecting the growth of young embryos in synthetic culture media. 


Name of Research Fellow . . Dr. C. V. Subram anianv 

Subject of Research .. Studies in Fusaria from Indian soils, with special 

reference to physiological races. 

(September 10, 1948 — September 9, 1949.) 

The present investigation was undertaken mainly to elucidate the question of specific 
identity and occurrence of Fvsarium species in South Indian cultivated soils. That Fvsarivm 
species are important pathogens of crop plants in this country is evident from the various reports 
of provincial mycologists in India. Nevertheless, emphasis on crop culture has been in the past 
mainly in the direction of breeding new varieties of c;rop plants msistant to spc^ciflc soil-borne 
diseases but liot an understanding of the microbial complexes that normally constitute^ an 
agronomical prohlcmi of great immensity. The author has brought to light in. the past the 
nec^cssity of including in such a breeding programme a detailed study on the status of Fusaria 
ill soils — occurrence, saprophytic activity and surviv'al, and pathogenicity — jaior to bringing 
under control through soil management wilt diseases of plants. It may be mentioned that no 
atternjjt had been made in this country to study the genus Fvmriuni in clciail, as, for instance, 
lias been done for Central American and Pliilippine soils by Wollcaiwcbcr, Kcinking and Manns. 
It is therefore obvious that a w.milar undertaking in this countiy would result in evaluating 
the micro-ecological status of soil-borne plant ])athogeu8, jxirt iculnrly the Fusaria. 

During the year under report the study was mainly devoted to the isolation of the various 
Fusaria that occur as inhabitants of wilt -si< k soils and as patliogens of c‘rop plants in South 
India. The investigation is directed to dot c^rinine the different species of Fusaria- that occair in 
South India and mainly followed tlu^ technique of some of the claBsical investigations by Wollen- 
weber, Keinking and others on tlie Ftisarhifn flora of Central Americ*an and Philippine soils. 
As many as one hundred and fifty isolates ha\’e been obtained and those arci being studied 
individually for puip)ose8 of identification. So lar, the aut hor has rec orcJc cl the following spec ies's : — 

1. Fusarium avenaccu^n (Fr.) Sacc. 

2. F. equiaeti (Cda.) Sacc, 

3. F. scirjn Lamb, et Fautr. 

4. F. scirpi Lamb, et Fautr. v. longipes (Wr. ot Kg.) Wr, 

5. F. solani (Mart.) App. et Wr, 

0. F. solani (Mart.) App. ot Wr. var. Martii Wr. 

7. F. solani (Mart.) App. ot Wr. var. winus Wr. 

8. F. solani (Mart.) App. et Wr. var. striatum (Shorb.) Wr. 

9. F. udum Butl. 

10. F. vasinfectum Atk. 

Of these, F. avenoceum (Fr.) Sacc., F, scirpi Lamb, et Fautr., F. scirpi Jiamb. et Faut r. v. longipes 
(Wr, et Hg.) Wr., F. solani (Mart.) App. et Wr. var. minus Wr. , and F, solani (Mart.) App. ot 
Wr. var. striatimi (Shorb.) Wr. are new records for India. 

A study of the v^ariation exhibited by the various isolates in different cult ure media (e.g. 
potato dextrose agar, lupin stems, steamed rice, etc.) is being conducted with lefcirence to the 
following aspects: (a) colour produc-iion ; {h) occurronce of sporoclochia, jioimotes, c4c. ; (c) shape, 
size and sc^ptation of micro- and macro -cojudia ; (d) proseuco of (Llainydosporos, (4-c. Trials 
are also under way for a study of the pathogenicity of the various Fusariu7n si)ecie8 and strains 
isolated. 


Name of Research Fellow 
Subject of Research 


{h) Final Report. 

Dr. P. C. Bhattacharya. 

Study of mesotron and the allied problems. 


It is known that cosmic radiation consists of two components: soft and hard. The soft 
component which consists of electrons, positrons, and photons is absorbable in 4-10 cm. of load 
and produces cascades in trav^ersing dense material like load. The behaviour of the soft com- 
ponent is accurately described by the quantum theory and, in particular, by the cascade theory. 
The hard component consists mainly of mt'sotrons^ — particles of moss about 200 times that of an, 
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ordinary electron and the charge is electronic but of either gigiis. The mesoirone are not stable 
like electrons or protons but they are found to disintegrate int o electrons and neutrinos. The 
disintegration 7 )robability increases as the energy of the n'lesotron decreases. 

The behaviour of the hard component (i.o. of the mesotrons) is not fully understood and, in 
fact, the energy syioctrurn, scattering and energy loss of low energy mesotrons are not yet known 
prec isely. Now the only source of mesotrons is in cosmic radiation, but liere it is found to be 
mixed up with the soft components, i.e. oloctrons j8~) and photons. In order to separate 
the mesotrons from the electrons the usual method is to put some filter, such as 10 cm. of lead, 
between the Cloigor -Muller counters so ns to absorb the soft components. But the serious defect 
of this method is that the filter aVisorbs also all the low energy mesotrons of range up to 10 cm, 
of lead, i.e. of energy up to 2*4 X 10® ev. The number of these low energy mesotrons increases 
with altitude. Experiments of Malcolm Correll (1947) suggest that mesotrons of energy between 
8x10*^ ev. and 2 X 1 0® ov. at 1 1 ,500 ft. abo\'e sea -level are produced by a neutral radiation, altlioxigh 
the more energetic; oiic^s are believed to be produced by the protons. Similarly, the other charac- 
ter istics of slow mesoiLs arc! likely to bo cjiiite interesting. But most of these low energy meso- 
trc3Us arc3 lost iu tlio thick absorber in the process of separation. 

Bhabha (1944) suggested a method for the removal of electrons by making the most effective 
use of the cascade jirocesa. In this method a bloc;k of load, 1*2.5 cm. tliick, was used to produce 
showers. It was y)luced just below the topmost counter of the telescope and over a counter tray 
containing two sc^ts of c'oimtc^rs attached to an anticoincidence circuit, such that any shower 
yiroduccd in the load j)ic!>co were supju'essed by tho anti -counters. A second piece of lead, 4 cm. 
tliick, was yilaced below tho anti-counters hut above the lowest counter of the telescojie. Tho 
function of the lead piece was to absorb any low energy electron which escaped the system 
without producing a shower in tho upper lead block. 

This suggcRted method of soparjition of mesotrons from electron was exporinieiitally tested 
by Dr, P. (J. Bhattacliarya with a Wilson chamber. For this purposo the four-centimoter lead 
block of Bhabha was further divided into two pieces f)f 2 cm. each and one of them was placed 
across the middle of tho Wilson ehamber while tho otl)er one was placed just above the lowest 
counter. The lead jjioco a(;ross tho chamber served to distinguish hetw(‘en electrons and 
mesotrons. An clcclron has a large probability of piodiicing secondarie s in travcj’sing tho lead 
bUick while a mesotron will come out as a single particle. 

Dr. Bliatta(;liarya found that the above method of separation of mesotrons Itoiu the electrons 
was quite etlicient iu sorting out the mesotrons. Wit h this arraiigoinent one can study mesotrons 
of energy tus low as 1*0 x 10® ev., i.e. of range 5*25 (un. of lead. Tliis aiTaiigeineut eaii ho used for 
measuring tiio mesotron intensity at high ultitude. 

Now the qui'stioii arises as to whether the additional block of lead of 4 <‘m. thickness is 
absolutely necessary or whether it can be reduced or totally dispense d with in case we want to 
study mesotrons of range lower than 6 cm. of lead. l_)r, Bhattacharya has shown tliat this lead 
block can bo reduced to 2 cm. at sea-level without affecting tho eflicioncy of tho protoss of 
separation of mesotrons. 

Ill regard to tho thickness of tlio upper lead hlo(;k an experiment with count cts was can it'd 
out to ascertain tlie exact tliickness of lead corresjiondiiig to the sliower maxiiuuin of more than 
one particle and more than two jiarticles initiated by electrons in lead. The experimental results 
on tlio separation of luesoti'ons from electrons were ])uhlished in rhyniccil Iicvicu\ Vol. 74, 3S- 

43, J043~‘a reprint of wdiieh is attached herewith. 

f.5iJ( ulations of tho iirobabilities of showers of more than one particle and more than two 
particles v\’'ere also carried out. These calculations were made on tho assumption that fluctua- 
tions obey Poisson distribution and that the energy spectrum of the electrons incident on the 
top load block is of tho form J^KjEoi.), whore J and K are suitable constants and a 2*9 at sea- 
level. Another paper consisting of those theoretical considerations is in course of publication. 

An article * On the production of mesons in the laboratory ’ w as published in Scitrice and 
Culture, 13 , 477, 1948. 

Name of Research Fellow . . l)r. P. C. Datta. 

Subjects of Research . . 1 . S 3 nathesis of the ali cyclic systems related to the 

steroids. 

2. Synthesis of sesquiterpenes and the acids isolated 
from degeneration of these bodies. 

Synthetical Experiments m the AlicycLic Systems, Part II » 

In port I of this series, an attempt was made to find out a general meth^id for tho synthesis 
of 1 2 -ke to -steroids. In the following lines are described, in short, three different methods wliich 
have been successfully developed for the synthesis of the tricyclic systems comprising B, C and 
D rings and the Cjs-methyl group and the 1 2-keto group. These methods are capable of extension 
in order to realise the final objective, i.e. the chai-acteristic tetracyclic system with tho iso-octyl 
group and tho two angular methyl groups. 
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The first method starts from ethyl cyclohexan-l -acetate- 2 -cyanacetate which condenses 
witli y-iodobutyric ester to give the cyano-ester (205“210°/2 mm.). This on hydi’olysis and 
esterification gives the desired tricarboxylic ester (195-200^/4 mm.). This is again prepared 
from the condensation product (176°/3 mm.) of ethyl 2-bromo-cyclohexylideno acetate with 
ethyl cyclopentanone carboxylato which on reduction and fission witli sodium ethoxide gives 
the same tricarboxylic ester. This on Dieckmann’s condensation and subsequent hydrolysis 
and esterification gives tlie keto-estor (1, 145--ir)0°/2 mm. semi -carbazono, m.p. MO-SO^"). This 
on successive treatment with metliyl magnesium iodide, deliydiation and hydrolysis gives the 
desired unsaturatod acid (165°/2 mm.). The hydroxy -ester on distillation j^asses into a neutral 
substance, the properties of which closely resemble those of a lactone. The acid-chloride of t he 
above undergoes ring closure in presence of stannic chloride and the chloroketono on heating 
with dimotliylaniline gives the unsaturated tricyclic ketone (128-30°/.‘l mm.) in a poor yield. 
In presence of potassium, the iso-octyl side chain can ho introduced at the methylene grouj) 
a- to the keto-group of tlio above keto ester (I). 

Ethyl 2-bromocyclohexylidene acetate reacts with ethyl 2-methyl-eyclopentanone-2- 
carboxylato in presence of magnesium to give the hydroxy ester (165^/2 mm.) wliich on catalytic 
reduction is treated with thionj 1 chloride and pyridine and hydrolysed with alkali. On esterifica- 
tion, the desired dimetliyl ester (148°/3 mm.) is obtained, along with a considerable low boiling 
neutral poifions separable into two fractions (95-98°/2 mm. and 1 25-30 °/3 mm.). The dimethyl 
ester after catalytic reduction undergoes Dieckmann’s condensation and on hydrolysis the 
tricyclic ketone is obtained (1 35^/3 rnm.). 

Tlie third method consists of the following steps. Ethyl 2-mot}iylcyclopentanone-2- 
carboxylate on broininatioii and on heating with quinoline gives the unsaturated keto-ester. 
Reduction with aluminium isopropoxide of the above gives the unsaturated alcohol (12279 mm.) 
which gives tlie bromo- unsaturated ester on treatment with jibosphorus tiibrornide. Tliis 
condenses with cyclohexanone to give ethyl 2-(2'-ketocyclohexan)- A^-<'yclopentan-l-methyl-l- 
carboxylato (130-35°/2 mm.). This on reduction and hyrholysis gives the expected keto-acid. 
This koto -acid has again boon prepared by condensing S-bromo-valoric ester with ethyl 1-methyl- 
cyclopentan-1 -carboxylate-2-cyanacotato. The condensation product (212^/5 mm.) on hydrolysis 
and esterification gives the tribasic ester (190-95"/3 mm.) from which, on Eieckmann’s condensa- 
tion and hydrolysis, gives this acid. The acid-chloride of t his keto-acid condenses with magnesio- 
malonio ester. On hydrolysis it gives the methyl ketone (133^/3 mm.) and this dikotono on 
dehydration gavo the unsaturatnd tri(!yclic ketone (J30-35”/3 mm.) isoinerii; with the one 
described before, with respect to the double bond. 

The condensation firoduct from cycloiioxanone and unsaturated bromo-est.er oii Jiydrolysis 
gives tlie unsaturated kido-a-cid from wliich in an identical way the methyl ketone (140-45”/ 
5 mm.) is obtained. This dikotoue on dehydration is expected to give the doubly unsaturatod 
tricyclic ketone. On reduction of the double bond adjacent to the carbonyl group and of the 
carbonyl group according to Clemincnsen, a tricyclic unsaturated liydrot arbon is availabki. It 
is possible to introduce at the methylene group (so-called Cj^-position of the steroids) in the 
cyclopontano ling a bromine atom with the help of N-bromo-suecinimide. These methods are 
being extended with 9-inethyldccalone. 

My grateful thanks are due to the National Institute of Sciences of India for an I.(\l. 
Research Fellowship in Chemistry. 

Name of Research Fellow . . Dr. R. N. Singh. 

Subje(;t of Research . . Algology. 

(December, 1945 — ^November, 1948.) 

Under tlie tenure of the Imperial Chemical Industries (India) Research I^ellowship, from 
December 1945 to November 1948, the Research Fellow, Z)r. Rarna Nagina Singhy D.Sc.f has 
investigated a number of problems on Algology and related subjects. The results of these in- 
vestigations, besides being of purely scientific and academic interest, have in many cases proved 
to bo of immense practical and economic importance, in so far as they promise to add materially 
to the agricult ural wealth of tho country. Special mention may in this connection be made 
of tho enormous r61o played by the terrestrial Blue-Green Algae in tho economy and conservation 
of the soil with reference to its nitrogen, organic matter, moisture and also the prevention and 
control of soil suifaco erosion . Tho amount of nitrogen added by these micro-organisms growing 
in the rico-fiolds, ‘XJsar* lands and grasslands of Northern India, has been estimated to be of tho 
order of 10-15 lbs. x>er aero annually. In view of the sui’prising results it has been considered 
legitimate to conclude that the recuperation of nitrogen and tho subsequent maintenance of 
fertility of tho land with particular reference to the above-mentioned habitats is mainly due to 
the activity of the Blue-Green Algae. It is here in the tropics or subtropics that it is clearly 
demonstrated for tho first time that the Blue-Green Alga© growing in and on tho surface of the 
soil play an equally important (or may even bo greater) r61o in the economy of the soil as compared 
to other soil micro-organisms like the species of Azotobacter and Clostridium. On account of their 
peculiar metabolism the Blue-Green Algae are the only living organisms which can utilise and 
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fix both iho carbon and the nitrogen from the atmosphere diroc^tly. Soil surface Blue-Green 
Algae ha ve been collected and studied from this point of view from the Provinces of Bihar, U.P., 
Delhi, Pajputaua, Central India and Bombay, from different soil and rock types and geological 
format ions. Their relative abundance, value and impoifance in conservational processes have 
been assessed together with data on their ecology, growth-relations, physiology and biochemistry. 
Aidoaira ferlilieamta, Nostoc commune and Porphyrosiphon Notariaii in different habitats stand 
(jut as the most ijromising forms along with their co-dominants, Anabaena fertilisaima, A. varia- 
bilia, A. atnhigua, Cylindroapcrynvm gorakhporenae, Stigonema minuUmi^ Maatigocladua laminosus, 
Schizothrix aurayiUam, Microcoleus chthofioplaatea, Scytonema ocellatuni, Camptylonema IcihorenaCf 
etc. 

The physiological bases for drought-resistance in some of the ahove-montioned terrestrial 
and subaorial Blue-Green Algae have been investigated. The data thus obtained have led to the 
fonnulation of a working hypothesis on the moclianiem of drought -j esistance in plants in general. 
It has been suggi^stcd tliat drought -resist aiu o of a plant depends upon its protoi)lasmic factors, 
i.e. the colloidal properties of its cell jn'otoplast, key to all physiological processes. The Myxo- 
phycean coll, on atuount of its simplest organisation in the jdant kingdom, has proved to be a 
very favourable material for the study of cell physiology. Jn the light of the results obtained 
here some of tlie orthodox opimon about the absenc e of starch and pyrenoids in these algae needs 
revisi<jn. Besides, those plants have also beoi^ found to he subjec ted to a natural process of 
vernalisat ion, which consists in alternate soaking and drying of the material due to intermittent 
rainfall. It furthoi’ adds to their drought-iesistanco capacity. 

The Indian wator-bloom algae have been studied in cietail from both ecological and economic 
point of view. Unlike the claims made by the algologists of countric>8 like America, Africa, 
etc. the Indian wal or-lDlooms, although invoh ing the same forms, have luiver been found to bo 
poisonous and fatal to cattle and human bedngs. This has been proved by intercstiii.g experi- 
ments in the laboratory. On the other hand, the bloom algae have been found to be very useful 
as a source of organic manure. Their manurial value lias been investigated with sugar-cane croji 
in pot cultures. The different foims involved are the spocies of Microcystis, Anabaena , Ana- 
baeno'psis, Wollea, etc., which contain frc>m 7 to 18% of nitrogen besides a fairly good amount of 
phosphor us and calcium. These algae ha\ o also been provecl to bo useful as starter for compost 
manufacture. A number of limnological problems in relation to inland fisheri(\s of some local 
riveu's and lake's have lanjii studied besides the investigations on tlu^ manuring of nursery ponds 
in order to iucrease tJicir phy tuplankton content. The Blue-Green Algae have proved to be 
blotter food for fishes in comparison, to t-ho Green Algae* on account of their high uitrogcMi content. 
GonsetjiKMitly, organic fertilisation has been suggested. The biological productivity of a number 
of tempornry ponds has also boon investigated in relation to annual output of organic matter and 
on drying, the value of their bottom mud as manure has been envisaged. In this (connection some 
field trials have been made with wheat and bailtry and a defiidbe increase in yield has beon found. 

An iiA-estigation of the Blue-Green Algae growing on the roof of buildings whidi cause their 
sweating and ultimately lead to the danlag(^ and fall of the ceilings, a probkan of great importance 
in buildiiig oiiginecring, has bexm made. The plants responsible fur* this nuisance arc able to do 
HO on account of tlieir great capacity to retain moisture due to coiaous sccrt'tion of mucilage 
and they also, in many casc’S, ha\e boerj found to bo actually concrete ai\d cement boring. 
tk)ntrol nucusures for thoso algae have been wxjrked out and tlic luothods suggested are both 
mechanical and chemical. The latter is preferable and involves the apj)lication of copper 
sulpliate in different proj)oriions and coneoritrations according to the extent of algal gro^^h 
actually' (urcountert^d . 

Tiro laology, ethology, cytology and life-histories of a number of imj^ortant algal types 
belonging to the Chlorophyceao and the Myxophyceae have been investigated. Notable amongst 
those are the studies on Gonium peetorale var. anjaojd/ytictj var. nov., Draparnaldia ifidica sp. nov., 
IS tig cocloy iium ainocnum, Fritschiella tuheroaa, Maatigocladua laminoaus and Calothrix brachyiri- 
chioides sp. nov. The investigations on the life-histories of F. aynoenum, JD. indica and F. tuheroaa 
liave materially added to our knowledge of the life-histories of Cheatoplioralos in particular and 
of Chlorophyeoao in general. Thoso studios have also elucidated the evolution of land-habit 
and land plants. They have also helped in the understanding of phylogenotic interrelationships 
between important species, genera and classes of algae. 

Some important ecological studios of the algal flora of tho radioactive hot springs of Kajgir 
(Bihar), the subaorial algae of Nalanda (Bihar), and those of Mt. Abu (Rajputana) have also bc3en 
completed. 

In concliision, tho Kescxirch Fellow takes this opportunity to express liis great indebtedness 
to Prof. Y. Bli^U’adwaja for liis kind guidance and criticism tliroughout the coui’se of thoso 
investigatioiis. 

Name of Research Fellow . . Dr. R. \\ Sitholey. 

Subject of Research . . Study of fossil plants with reference to their structure 

and aflinities in relation to questions of plant 
evolution and palaeogeography. 
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Saline Series of the Salt Range, Pun jab. 

A paper oTititled ‘ Microfosails from a kerogen ahalo of the Saline Series in Kliewra gorge, 
Salt Range’ has been published {Proc. Nat. Acad. Sci. I7id., 16 (2-4), 220-225, 1947. With 
one Plate). A woody fragment and some diatom-like bodies are described from a combustible 
kerogen shale collected by Professor B. Sahni, F.R.S., at Andersoji’s locality in the Khewra gorge. 
The woody fragment, with simple pits uniserialiy arranged, doubtless belongs to a highly evolved 
vascular plant, probably an angiosperm. The diatom dike bodies are made up of calcareous 
matter, and were most probably foraied by the secondary infilling of diatoms by calcium car- 
bonate. Both the types of microfossils suggosl^ a post-Cambrian ago for the shale. 

Fossil plants from the Nammal gorge, W . Salt Range. 

This collection, of which only a part has so far been worked out, was made by the author 
in October 194G from the Nammal gorge, about 2J miles north-east of Musa Khel in district 
Mianwali, West PunjaV>. Mat erial was collected from the Middle Produc tus and Upper Productus 
Beds of Permian age), from the Kiugriali Sandstone Stage ( ? Triassic), and from the Variegated 
Stage (Jurassic)- 

Kingriali Saudstone Stage. — Specimens of a yellowish brown sandstone with carbonaceous 
lamellae were collected from a bod lyiiig between the Oeratite Beds and the Kingriali Dolomites. 
On maceration the carbonact’ous Imnds have yielded a largo number of excellently preserved 
cuticles. Some of these cuticles show gymnospermous characters. Some purjfie coloured 
sandstones from tJiis stage contain minute plant, fragments. 

Variegated Stage. — The plant-remains obtained from those beds are: Beiinettitales {Otoza- 
mites app.), Coniforalos ( ? Pagiophyllum sp.), and Cynthoaceao {Protojdcris namnudensis sp. hov.). 
Of Otozamites there appear to bo two different species separable by the characters of the pinnae 
and their ari'angement on the rachis. The coniferous shoot has yielded well-preserved (‘uticlos 
showing the stortjata arranged in longitudinal rows on the abaxial side of the leaf, surrounded 
by usually five thick-walled subsidiary cc'lls. 

A paper entitled " Protop, er is yiamtmdensis sp. 2 iov., a Jurassic cyothoaceous trtie-fern from 
the Salt Range, Punjab’ has been printed {Proc. Nat. In.st. Sci. Ind., 15 (1), 1-10. With 8 Plates 
and 9 Text-figures). The genus Proto^iteris has been recorded for the iirst tim(> from India, arid, 
as far as we know, from (.Tondwanaland. It has so far boon found in Cretaceous and Tertiary 
rocks only and this is probably the first I'eport of its occurrence in the Jurassk*. The present 
discovery extends the distribution of tlio (Jyatheacean in India during tlie Mesozoic period t-o 
the north-west. The specimen is a. <‘ast of a sttau covered all i*ound with riiomboid loaf bases. 
The loaf trace is composed of a single bundle of horseshoe shape with the ends probably incurved. 
The lower part of t he trace shows sinuosity. 

Mesozoic gyrnnosperms and other plant remains from, the Salt Range, Punjab. 

Tliis joint work with Professor Sahni is based on material eollectod by Dr. K. R. Coo and 
Mr. N. K. N. Aiyongar of the Geological Survey of India. Three new species of the i3eunetti- 
taleau genus Otozamites {O. pecten, O. oblong us and O. sakesarensis) are described. The other 
fossils dealt with are Brachyphyllum., a coniferous shoot of which thret) specit's have provisionally 
been designated as A, B and C; Podozayniles sp]). and a number of other plantae incertae sed.is. 
In nearly all the cases the specific detorjni nations have been based on the structure of the cuticles 
as well as the gross features of the sjiecimona. Gooil t ransfer pre]iarations have in several cases 
facilitated the anatomical study of the fossils. The tla-oe si)eeies of Braehyphyllum are most 
probably new. 

Name of Research Fellow . . Dr. M. K. Siibramaniam. 

Subject of Research . . Cytogenetics of Yeast. 

(March 1, 1947— March 1, 1948.) 

Introduction. 

The work on ‘Cytogenetics of Yeasts’ was started in December 1944. During the years 
1945-47 seventeen new strains of Brewery Yeasts and six new strains of Distillery Yeasts had 
been produced. Naturally, the work as an Imperial Chemical Imlustries Research Follow was 
a continuation of the previous work. The stability of the strains had to be investigated. 

Chromosome Constitution and Qiani Colony Characters. 

With the above end in view, a correlation between giant colony characteristics and chromo- 
some constitution of the various strains was attempted. It was thought that if such a correlation 
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was possible, ifc would simplify studios on tho stability of the various strains. The results are 
very (iucouraging. It appears that changes in chroinosomo constitution do produce changes 
in tho characteristics of the giant colonies. It is possible to identify particiilar strains by their 
cViarac tori Stic giant colonies. The roaomblance thus is not confined to their top or bottom 
fermenting character alone. Th(3 similarity between colonies of known and unknown chromo- 
somal constitution is striking and lionco should be of considerable significance since the same 
(fiiromosomal mutation could be produced by diverse agencies. 


Causes for Confusion in Yeast Cytology, 

For the past five decades our knowlodge of the cytology of yeasts has remained in a confused 
state. The causes for tho above state of affairs wore analysed and it was discovered that most 
of tho confusion could bo tracked to the fact that previous investigators used fonnenting cultures 
for their i nvostigat ions. The yeast is \inique in that it can grow or ferment. Logically, therefore, 
tho b<3haviour of tho nucleus during aerobic growth alone is comparable to that of embryonic 
cells in higher animals and plants. Extensive details regarding handling of yeasts for cytological 
investigations have been embodied in a paper entitled ‘Studios on the Cytology of Yeasts. III. 
Technique of handling Yeasts for Cytological Investigations*. 


Kndoj^olyploidy in Yeasts. 

A fermenting yeast coll is comparable to a gland coll of higher animals. Investigations on 
tho cytology of glandular colls have revealed that secreting cells become endopolyploid to meet 
tho now physiol ogi(jal demands. A similar state of affairs has bec^n don\onstratod in fermenting 
yeast cells also. The usual fate of endopolyploid cells being death and disintegration aftc'r 
varying periods of act ivity and since in tho final stages of fermentation, excepting for a negligible 
percentage, most of tho cells should bo endopolyploid, the necessity for tho rejuvenation of the 
(mltures after oa<.!h fermentation would at once become apparent. This may explain why 
continuous fermentation without rejuvenation is almost a virtual impossibility. 


Reverse Mutations in Yeasts, 

Obsorvations on a (continuous V)ut overlapping sorif^s of giant colonics of tho two chromosome 
control strain indicated a si^asonal change in tho characteristics of the giant colonies. In tho 
m<3ntlis of Septeiribor to March the color ios wore smooth with radial folds and with (Smooth II) 
or without (Smooth I) concentric striations near the periphery. In March-April there was a 
sudden (.change. Tho (colony first developed innumerable prominent radial and concentric 
striations in the (nit(^r half giving it a la(co-like texture (Smooth ITT) and then gave a colony 
which had a rough a])pearauco owing to the presence of minute pow’(l(5ry granulations on a lacfc- 
liko sculpturing. The rough colonies themselves were of two types. While in Rough I tho 
centre was smooth, in Rough II tho entiro surface of tho colony liad a rough sculpturing. 

A comi)lete, spontaneous and orderly reversal was observed in Scptembor-Octobor. The 
Kougli I gave rise to Smooth III, Smooth II and Smooth I types. Since the cultures were kept 
in tlio vegetative condition and grown at room tornporaturo, it appears tliat sudden changes 
in temperature bring about ‘Mass Mutations* or ‘Upheavals’. If we assume tho existence of 
three alleles, viz. Smooth, Lace and Rougii, the five types could all be classified. 


1. 

Smootii I 

r Smooth 
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► Lace 

[ Smooth II 






) 

1 Smooth III 

2, 

Smooth 11 
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T? f ■»n 
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) 
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Rough 1 

\ kJiJivyLF I'll * 

Rough 
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► Rough 

> Rough II 


The rarity of the Smooth III condition led to the suspicion that tho lace gene may be an 
unstable one and that it may bo relatively stable only in the homozygous condition. It appears, 
therefore, that multiple alkies exist for the locus determining surface sculpturing. The cells 
having different allelic! combinations have different rates of growth during the various seasons. 
Thus, oven if a culture is composed of colls of different gone constitutions, tho Smooth I type 
completely eliminates the others by its relatively superior growth rate during the cold season in 
Bangalore, 

Tlio mutability demonstrated above leads one naturally to the problem whether different 
genes controlling fermentation of particular sugars are as mutable ? 
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Mode of Action of some Oenes in Yeasts. 

If, as is possible, a number of gonos control t.he different steps of fermentation of any j)arti 
eular sugar, then mutation of any one of them may affect adversely the fermentative ability of 
tho strain. The genes responsible for fermentation should in all probability be ones having very 
low mutation frequencies. ^Eu'ether, the fact that fermentituf cells are enAopolyploid renders it 
probable that the above may be balanced genic combinations which function properly only when 
duplicated above a pariicn lar stage of endojiolyploidy. 


Publications. 

1. Kndopolyploidy in Yeasts. Curr. Sci.y 12 , S3-84, 1047. 

2. Studies on the Cytology of Yeasts, H. Induction of PolypIoid\' and Ilotorochromatin. 
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I*REFATORY NOTE 


The Council of the National Institute of Sciences of India, at their meeting 
held in January, 1950, decided to hold a Symposium on Multi-purpose River Pro- 
jects in India's National Economy on the occasion of the Ordinary General Meeting 
of the Institute to be held in Calcutta in August, 1950. A Committee, consisting 
of I)r. B. C. Guha, Dr. S. L. Hora and Dr. W. D. West (Convener), was appointed 
to organize it. Tlie subject of the Symposium is of vital interest to India and the 
organizers spared no pains to ensure the participation of experts on various 
subjects to be dealt with under the Symposium. It is a matter of deep satisfaction 
that the response to the invitation was very generous. The organizers wish to 
express the thanks of the Institute as well as their own to the contributors of 
papers initiating discussions on different topics. They also avail themselves of this 
opportunity to thank all those who took part in the ^scussion and submitted their 
comments for inclusion in the Proceedings. 

On October 24th, 1950, Sardar Vallabhbhai Patel delivered an illuminating 
Address at Delhi to the Central Board of Irrigation, and the Members of the 
(V)mmittee, in view of its relevance to the subject-matter of the Symposium, 
de(^ided to include the last two paragraphs of the Address as an Appendix to the 
Symposium. Another thought-provoking article entitled ‘ The Challenge of Multi- 
purpose Projects : Need for reshaping India’s Agrarian Economy ’ by Mr. S. K. Doy, 
Secretary, Agriculture and Irrigation De])artment8, Government of West Bengal, 
appeared in the Statesman of Ilecomber 9, 1950, but owing to shortness of time 
it could n(jt be included in the Symposium Number, but is r^erred to here to 
fa(‘ilitato reference in future. 

S. L. Hora, 
Editor of Publications. 

Calcutta, 

15th December, 1950. 



INTRODUCTORY SPEECH 

By B. C. Guha, D.Sc,, F.N.I., Member, Damodar Valley Corporaiion, Calcuitu. 

Summary 

In the past, rivers have usually boon treated for one or two particular purj^osos Bams 
and barrages have been pxit up to supply irrigation water or/and to generate hydro electric power. 
Sometimes embankments have been built to prevent floods. But the treatment of a river valley 
as a whole cutting across State boundaries and utilization of its water resources for multiple 
purposes in relation to the planned economic dovtdopnient of tlio entire valle3y is of relatively 
recent date. The Termessoe Valley Authority set an example whojj it haniossod tlio Tennessee 
river and its tributaries flowing through seven States, affording simultaneously the bonotits of 
flood control, power and navigation and effecting a tremendous advance in the agricultmal and 
industrial development of the Tennesseo Valley by concerted measures in barely a decade. 

The concept of the multi-facet development of a river valley by conserving and utilizing 
its water resources has now taken root in India. At present three major projects, the Bamodar, 
Bhakra and Hirakud, along with a few others are under active execution. Among these, th(3 
Bamodar project, which has boon entrusted by the Government of India to a body called the 
Damodar Valley Corporation for implementation, may be taken as an illustration. 

The Bamodar river runs through tlio States of Bihar and West Bengal and its drainage 
area covers 8,600 square miles. The project consists essentially of constructing-— 

(i) Eight dams on the Damodar and its tributaries w-ith hydro-electric stations and tw'> 
auxiliary plants with a total installed capacity of 240,000 kw.; the total controlled 
reservoir capacity would bo 4*7 million acre-feet and should protect the valley from 
floods up to 1 million cusecs; 

(ii) A thermal power station, utilizing low grade coal, of 200,000 kw. installed capacity 
to even out the seasonal fluctuations of hydro-electric j)C)W^er and to provide, in com- 
bination with the hydro-electric system, firm power of 300,000 kw. capacity at 00% 
load factor; 

(iii) A power transmission grid covering 476 miles of 132 kv. primary line will) necessary 
lengths of 66 kv, and 33 kv. secondary lines, and 

(iv) A barrage and a OO-milc long irrigaiion-cwwt-navigation canal with a system of dis- 
tributaries measuring 1,663 miles in length and iirigating a million acres of foitile land. 

The scheme is designed to provide flood control in the lower Damodar Valley, irrigation for tliO 
production of food and other crops, navigation faciliti(*s and power for the promotion of both in- 
dustrial and agri(*ultural development. The projei t jirovides for (a) sod conservation jn the valley 
so as to retard the silting of the rc^servoirs and at the .same time develop agriculture and forestry, 
(6) mineralogical survey of the valley and its adjacent areas to locate minerals which can be used 
for the development of industries for the produ(*lion of insulators, refractories, alnminium, phos- 
phatic fertilizers, etc., and (c) c ontrol of malaria, jt is estimated that as a result of perennial 
irrigation and better agricultural practices 260,000 tons more of rice and considerable quantities 
of winter crops like wheat, pulses and potatoes would be available. The scheme also ervisagos 
the development of fisheries in the impounded waters and the irrigation cliannels. Facilities will 
be provided for recreation in the lakes which would cover a total area of approximately 170 square 
miles. Displaced people from this area will have to bo rehabilitated. Attempts are being made 
to settle them on reclaimed land and raise them to a highoi’ toclmical level of farming on a co- 
operative or collective basis, and also to introduce cottage or small-scale industries utilizing 
power which would be made available as a result of the scheme. The project is thus calculated 
to transform the life of the people of the Valley and its neighbouring areas to a marked degree in 
the coiurse of half a dozen years. 

The concept of tlio multi-ptirpose development of river valleys has now taken 
root in this country. For centuries past the treatment of rivers has been looked 
at in one or another aspect but rarely in integrated aspects. Thus, when a river 
was found to overflow its banks during the rains embankments were built for attbrd- 
ing protection from flood. Rivers have boon bridged to faoihtate communication. 
Water from rivers has been canalized to provide irrigation. But hardly have the 
waters of a river been treated in a unified manner so as to promote a multi -facet 
co-ordinated development of the entire valley through which it flows. In recent 
years, however, particularly since the successful experiment of the Tennessee Valiey 
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Authority in America, there has been a widesi)read recognition thi’oughout the 
world that it is far more rational and economic to handle a river in all the aspects 
in relation to the resources and the needs of the river valley concerned. In the 
Teimessee Valley, for instance, dams have been built which perform the triple func- 
tions of controlling flood, generating electricity and facilitating navigation. The 
power development has led to a phenomenal progress of industries in the valley 
utilizing its natural resources. The aluminium industry, developed as the direct 
result of the Tennessee Valley project, helped the U.S.A. materially during the 
last war. Phosphatic fertilizer industries have been established in the valley which 
have had their effect on the productivity of the soil in the entire area. The food 
produced has been protected from spoilage by the development of refrigeration. 
In fact, laboratories established by the TVA have themselves developed and patented 
refrigeration devices for the preservation of food. In order to retard the silting up 
of reservoirs extensive afforestation has been resorted to in the valley, which, while 
giving long life to the reservoirs, controls soil erosion, produces timber and helps 
the navigation of the Tennessee Piver. At the same time, as malaria is often asso- 
ciated with the impounding of water, the TVA has an extensive programme of malaria 
control in the valley. Thus the results of the efforts of the T\^A in promoting the 
co-ordinated develojjment of the Tennessee Valley in relation to its industries, agri- 
culture and health are manifest. 

In India at present a number of similar multi-})urpo8e projects in relation to 
river valleys have been initiated. The Damodar, Hirakud and Bhakra schemes, 
among others, are in active execution. The Damodar scheme may be taken as an 
example to illustrate the multi-purpose nature of the scheme in relation to tlio national 
economy of India. The Damodar is a notoriously destructive river which originates 
in the uplands of Bihar, flows through West Bengal and joins the river Hooglily 
below Calcutta. Due to deforestation in the upper valley and steady soil erosion, 
more and more silt and sand have been coming and depositing in the lower reaches 
of the Damodar raising its bed-level. This is aggravated by silt bars brought by 
the tides from the Bay of Bengal. The river, therefore, tends to have less and less 
capacity for carrying flood waters which natxirally overflows its banks. A flood in 
1943 had actually torn off the embankments of the left bank of the Damodar and 
washed away parts of the arterial railway and Grand Trunk Road from Calcutta to 
north-western India. When it was found that embankments failed successfully 
to resist flood the Damodar Flood Enquiry Commission was set up which recom- 
mended the adoption of the present scheme now under execution. 

The Damodar river runs through the States of Bihar and West Bengal and its 
drainage area covers 8,500 square miles. The project consists essentially of con- 
structing — 

(i) Eight dams on the Damodar and its tributaries with hydro-electric stations 
and two auxiliary plants with a total installed capacity of 240,000 kw. ; 
the total controlled reservoir capacity would be 4*7 million acre-feet 
and protect the valley from floods up to 1 million cusecs ; 

(ii) A thermal power station, utilizing low grade coal of 200,000 kw. installed 

capacity to even out the seasonal fluctuations of hydro-electric power 
and to provide, in combination with the hydro-electric system, firm 
power of 300,000 kw. capacity at 60% load factor; 

(iii) A x>ower transmission grid covering 475 miles of 132 kv. primary line 

with necessary lengths of 66 kv. and 33 kv. secondary lines; and 

(iv) A barrage and a 90-mile long irrigation- cwm- navigation canal with a 

system of distributaries measuring 1,553 miles in length and irrigating 
about 1 million acres of fertile alluvial soil. 

The idea is to suitably store the rain water during the monsoon in the reservoirs 
formed by the dams so as to prevent floods in the lower valley and at the same time 
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to gradually release the water from the reservoirs producing hydro-electric power, 
irrigating a million acres of land and facilitating navigation from Durgapur, wliich 
is below Asansol, to Calcutta via the canal and the river Hooghly. In order to 
implement the project the Damodar Valley Corjioration was set iij) by the Gov- 
ernment of India somewhat on the lines of the Tennessee Valley Authority with 
rather similar terms of reference. The main object is the multi-pur] )oso development 
of the Damodar VaUey. Thus, along with this construction project 8te])s are being 
taken to control soil erosion particularly in the upper valley the usual practices 
of soil conservation, viz. terracing, contour plougliing, damming u]) rivulets, planting 
suitable grasses, gully-plugging, afforestation, etc. Witli regard to tlio utilization 
of power in the valley, which is rich in coal and several mhmral resources, investigation 
has been undertaken by the Geological Survey of India in the valley and its sur- 
rounding area to locate useful minerals which could utilize the |)ower and water that 
would be made perennially available as a result of the project for the deveio])ment 
of suitable industries. Similarly, along with soil conservation practices initiated 
by the Corporation and the provision of water foi‘ irrigation, attempts are being 
made to improve agricultural })ractices through exjjcrimental and demonstration 
birms and make optimum use of the water available for the production of food and 
other crops. It is estimated that as a result of the project about 200,000 tons more 
of rice will be available and also large quantities of winter crops which together 
would be worth about 15 crores of ruj)ee8 amiually. There is also a great 8coj)o for 
development of industries for the production of insulators, fire-bricks, aluminium, 
calcium carbide, etc., utilizing the mineral resources of tlio valley. Tlie development 
of fisheries in the impounded waters and irrigation channels is envisaged. The 
lakes formed will also i)rovide facilities for recreation. Malaria control is an 
important feature of the project because large ])arts of the valley arc^ malarious 
and there may be a tendency for malaria incidence', to increase in (‘ortain ])arts as a 
result of the dam and irrigation project. The displacement of people from areas 
to be inundated raises the problem of rehabilitation which also offers opportunities 
for the initiation of co-operative or colledJve farming at a liigher technical level 
and also the introduction of cottage and medium-scale industries utilizing power 
which would be made available fairly cheaply as a result of the project. All these 
co-ordinated developments based on this multi-purpose river ])roject are calculated 
to raise the economic level of the people of the valley and its neighbouring areas 
to a significant degree in five to ten years’ time and strengthen the national economy 
of India as a whole. 




PRINCIPLES OF PLANNING 


By Kan WAR Sain, LS.E.y Member {Designs) Central Water-power, Irrigation and 
Navigation Commission, New Delhi. 

(Communicatod by Dr. B. C. Gulia, F.N.I.) 

Summary 

Planning of river valley projects inuai be realisl ami v ii Iniv limitations imjjosed by India’s 
National Economy, it sliould be grouped into:— 

(а) Short range; 

(б) M<idiuin range; and 
(c) Tjung range projects. 

On(!e the constrnction of a project is taken in hand it must b<' completed witliin the 
shortest possible time. 

Planning of multi-purpose river projects slioidd aim at the fullest \itilization of all poton- 
i-ialities of the natural res<nirce. There should be no waste ol any possible^ potential due to narrow 
regional considerations. 

Each ]>roject must bo able to pay its own way. We cannot afford to borrow from uivbom 
generations. Each multi -pur})OKc project should, tlK^rofore, bt^ nssesstd as one integral whole 
from tiio point- of view of its financial feasibility. Apportionment of cost between various pur- 
poses must bo kept sufficiently elastic if such apportionment is considered noce^ssary. 

in phasing multi-purpose projects priority shoidd be (;oiisidor<>d in tlve order of utilizable 
potential of each phase of the project; tho ultimate total potential being kept in view in long- 
range planning. 

Thot(j should be proper co-ordination and phasing of projects in the entire country with the 
^>bjoc( of rnaUing the best use of available resources of materials and for utilizing construction 
macluj'ory and specialized staff from one project- to anotiici- iiTcspoctivc of the State hoimdaries 
in which any part icular project may bo locatt^d. 

As far as possible one authority and one organization should be rcsporsible for tho develop- 
ment of a iuulti-]>uipose project in all its aspects. 
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1. What is a Multi-purpose River Project ? 

In most instances a Multi-purpose River Project ref)resents the integrated 
constrnction of two or more projects, each having a particMilar purpose or function. 
For reasons of economy or scarcity of sites these i)rojects are combined and con- 
structed at tlio same site and are planned, designed and operated to serve more than 
one function. Separately constructed, some of them might not be economically 
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jnstifiablo. Ooiistructod in combination, the savings result in making these compo- 
nent projects at least more nearly if not entirely justifiable. 

Thougli a strict definition would exclude those projects whose planning, design 
and operation are controlled by a single function even though other benefits accrue as 
])y-product8; in general terms, however, any project planned and designed to con- 
8(*.rve, control and regulate the flow in rivers and streams in order to utilize all the 
potentialities of tliis flow for the benefit of mankind may be called a multi-purpose 
river project. 

The term ‘Multi-purpose Project’ lends credence to the very general, though 
frequently erroneous, assumption, especially on the part of the non-technical public, 
that with little or no increase in cost a given reservoir may serve several different 
purposes. For instance a common assumption is that a reservoir intended to be 
used in its entirety for flood control will always, incidentally and of necessity, create 
raw water power, for the dovoloj)mont of which it is merely necessary to install 
pen-stocks and provide a power station. TMs assum])tion persists despite the fact 
that, in general, between successive floods, a flood control reservoir should remain 
empty. 

A multi-purpose project may consist of a dam and other works; a series of 
dams; or a series of dams and other works designed and operated so as to perform 
efficiently more than one function in the field of water utilization and control. 

2. Functions of a Mitlti-purposb Project 

A multi-purpose })roject may serve some or most of the following functions: — 

(i) Irrigation; 

(ii) Generation of liydro-electric power for low cost supplies to homes, farms, 
and industiy ; 

(iii) Flood control and navigation; 

(iv) Stabilized fresh water supply for Municipal and Industrial use; 

(v) Fish and wild-life i)rotection and propagation; 

(vi) Recreation, drainage, pollution abatement and silt control; and 

(vii) Salinity repulsion in areas affet^ted by ocean tides. 

Other supplementary juirposes of the project may be prevention of soil erosion, 
sedimentation control, sewage and | industrial waste control and malaria control 
in tropical and tomporato areas. 

In most multi-pur[)oso projects one or two functions are of major importance 
and are accorded priority in various phases of planning over other benefits obtained 
from the same project. For example, the United States Bureau of Reclamation con- 
siders irrigation of paramount importance in planning of multiple purpose projects, 
and nowhere in its policy-making legislation does the Bureau accord recognition to 
power production as a function superior to the use of water for irrigation. Similarly, 
the Army Corps of Engineers give priority to flood control in planning and other 
benefits are considered as secondary. 

As an outstanding example of a truly multi-purpose project, I may cite the 
Central Valley Project in California in United States. The major functions of the 
project are : — 

(a) to provide for irrigation in the San Joaquin Valley and in the vicinity 

of Stockton and Fresno. Four canal systems have been built for the 
pur]JOse ; 

(b) to provide and supi^ly power for industrial developments in the Sacra- 

mento area and also for pumping plants on the canal systems ; 

(c) to provide protection against floods in the Sacramento River basin ; 

(d) to make Sacramento River navigable by maintaining minimum required 

draft during the dry season; 
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(e) to assure fresh water supplies to townships in the San Joaquin Valley and 
to control the invasion of the lower reaches of the Sacramento River 
by sea water. 

In India the Damodar Valley, Bhakra and the Hirakud projects may be cited 
as examples of multi-purpose projects. 

3. Necessity for Multi-purpose Projects in India 

There has been a steady increase in population since the middle of the eighteenth 
century. The food production kept pace witli the growth of population till 1930, 
when it began to lag behind. The author gave a warning to this effect in his paper 
‘Economics and Finances of Irrigation Projects’ presented to the Punjab Engin- 
eering Congress in 1939. But wheat was then selling at two rupees a maund; nobody 
was starving. The warning fell on deaf ears. No action was initiated by Govern- 
ment, till the Famine Enquiry Commission in 1945 reported ‘India before the war, 
was not self-sufficient in foodgrains, a small exportable surplus of wheat being 
offset by large im|)orts of rice. ’ 

The deficit of food in India in 1947-48 was 2-8 million tons. With the growing 
population the total deficit to be made up between 1948 and 1960 is estimated to 
be of the order of 9-5 million tons. 

During the past three years India has been finding it difficult to export goods in 
sufficient quantities to pay for its large import needs without seriously depleting 
its foreign assets. In the summer of 1949 the difficulty became acute particularly 
due to devaluation of India’s currency. 


ECONOMIC PROGRESS IN INDIA 


AGRICULTURAL 

PRODUCTION 


POPULATION 

PHYSICAL VOLUME OF TRADE 
IMPORTS EXPORTS 


INDUSTRIAL 

PR00U0T10N 



It will be interesting to have a bird’s-eye view of India’s economy in the last 
20 3 ^ears. An interesting graph of economic progress in India has be<3n given opposite 
page 44 of Fiscal Commission Report, Volume I, 1949-50. This graph is reproduced 
above. While the country has greatty reduced its dependence on foreign sources of 
supply in certain consumption articles, e.g. in cotton textiles, matches, soaps, 
sugar, paper, cement, iron and steel and a few chemicals; the agricultural sector of 
the country’s economy has remained stagnant. During this period there has been 
little increase in the total yield of agricultural crops or little change in the 
character of agriculture. Consequently, notwithstanding the increase of production 
in certain lines of manufacture; the market for industrial goods has remained re- 
stricted. During the last two decades India has been losing its share in world trade. 
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IVxiay India has to do}>ond on imports of foodgrains to feed its population and on 
imports of eotton and jntc for its important industricB. 

I'lui Fiscal Commission (1949-1950) have sot out the following objectives and 
piaoritioB of a sliort.-term economic policy: — 

‘ I)(ilbnce and ])asic and k(^y industries stand in a s]>e(;ial position. Excluding 
t}jeH(', the priorities should he as follows: — 

(i) Sr-liemes for agiicnltnral improvement espocially irrigation and multi- 
pur])os(^ |jroj(u*ts including minor irrigation works; 

(ii) Industries necf^.ssary for the iinj>lementatiotu)f the agricultural ])r()gramme 
and construction and miiintenanco of ii rigation and multi-purpos • 
])iojocts; 

(iii) Sctiemes for increased production in industri(\s jwodiicing raw material 

and consumption goods; 

(iv) Manufacture and repair of the machinery and equipment needed by the 

industri(^s in (iii). 

(v) Fsl.ahlisliment of industries <^omj)lementary to the industries in (iii) to 

(iv) and thos(‘. that will inc-rcast^ external economics oi‘ these industries; 

(vi) with the (hwelojmients mentioned in (i) to (v): — 

(a) encourag(un(mt of tertiaiy industricis; and 

(b) [uomotion of exports. ’ 

('hea[) power is an essential requirement for setting up industries partkailarly 
if our manufactunxl goods a re to (ompete in the world market. 

The main sources of power are and will continue to h(^. fuels and falling water. 
'Jdiough in the llnitcMl Stales about three-fourths of electricity is jiroduced from 
fuels and only one-fourth fioni lalling waters, revers(5 will have to be tlu? position 
in India. 

A ((uestion has sometimes been asked whether heat energy released by nuclear 
fission Avill not replace electric; power generation in. the next 10 or 15 yoais. This 
(piestion deserves more sjiace than is available here. ‘It should, however, he said 
that in tiie liglit of known progress and dovedopment in this most imjiortant new 
field, t he use of nuclear lieat jjower reactors will not he possible on any commerca'al 
scale in tlio near futuio. h]xisting and now iiistfdlations using present heat sources 
will have Kservid out their ecamomic lives long before sulistaritfal use of atomic; energy 
arrives, (kareful analysis will sliow that the (;apital cost involved in utilizing the 
atomic; fuc;l may be so gre^at as to make its use e<;(momic;any unsound, even if the cost 

of the; fuel sitould he a luinimuiu The ])rol)lems involved in the pi'eparation, 

liandling, utilization, and disposal of atomic; fuel are great. Unless they can bo 
solved at lowcw capital (;c)sts than jwescntlv sc;ems possible, there ean be no early 
substitution by this new found fuel for coal, or evem any supplemental use of it. 
Consequcuitly dc;velo])mont plans should eontinue unhesitatingly to utilize the present 
sources of caiorgy. ’ 

From these recommcnthvtions of the Fisc;al Commission it will be seen that the 
highest c;mj)hasis lias hec;ii laid on the development of irrigation and industries 
through multi-purpose; ju’ojects. All other [)lans to make India self-sufficient in 
food ajid industry must follow and cannot precede these projects. 

4. Limitations imposed by India’s National Economy 

Since; the <;lose of the; last war, the Centre and the ] provinces have been feverishly 
busy ])reparing plans of developuncnt in almost every j)}iaso of national ae;tivity. 
The total estimated ex})endituro on the execution of these plans according to the 
rates })revailiiig in 1940 conie;s to newly 3,5(X) crores of rupees. 

On the basis of assumed total national income of R8.4,000 crores per annum 
and the annual national .savings at 5 per cent of the total of the national income, 
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the annual national saving would be of the order of Ks.200 crores. This would 
represent all the money that could be made available for annual expenditure on 
the Government as well as private projects. 

Foreign investment has plaj^ed a relatively small ])art in su])plementing domestic 
goods production; indeed the sources of foreign ca])itaJ practically dried up from the 
beginning of 1930’s. 

Tn the circni instances it is not surprising that there has laaai little increase in 
the over-all RU])|)ly of goods and services available for (lomesti<5 f onsumption of 
India’s masses. In spite of the advance made in some linos of manufar^ture the 
deficiencies in the different sectors of economy still remain (amsiderable and a great 
effort will be needed to make uj) the deficiency in agricniltural and industrial ])ro- 
diution. A good deal of screening of our plans of development would he required 
in the (context of our immediate needs. First things must come first. 

The oth(U’ bottle-neck for the s])eedy com[)letion of ilver valley projects is tlu^ 
limitation of available materials of construdlon mainl\ st.(^el and ccmient/ and t)f 
foreign exdiange. It is evident that all the projects, (\aitral and Stat(^, cannot 
be umhataken simultaneously and that these scIkuih^s must lu^ adjusted to nvilistic; 
])ossibilities. 

It is bad economy to prolong the fieriod of construction of a j>roject longea- 
than is warranted by its engineering (‘onsidoT-ations. 

Whil(^ eonstruction should 1)0 limited to the available n^sourct^s in materials of 
(;onatru(;tiori monev and traim^d technical personnel, t])is should not ])e advam^ed 
as an argument for withholding or post[)oning iuvesl iga tions and grmeral plans for 
efteetivo dev 0 lo])mont of rivers of India. 

5. A PARALI.EL FROM THE UNITED StATE.S OF AmEKIOA 

The continental area of the United )States (comprises the basins of over 100 
separate rivers, and the valleys of innnmcrahlo small slroams, wliidi flow east and 
west to the Atlantic and Pacific; 0(a;ans, southward to t he gulf of M(^xi(;o and north 
to pass through ( -anada and reach Hudson Bay and tlie gulf of St. LawreiK;o. These 
rivers and tlieir basins range in magnitude from coastal estuaries draining a few 
square miles, to tlio great Mississippi river, one of the long(;st. rivc^r system in the 
world, which with its tributaries drains the entire iiiljuid basin lying bc;tween the 
Rockies and Af)[)alachians, including over 40 ])or cent of the area of the United 
Stales. 

Witli the increasing growth of the American nation the need fV)r (;ontrolling, 
conserving and using wisely the resources afforded by the rivers b(H;ame more and 
more evident. Problems and ])otentialities of the river basins, whhdi wore rehitivoly 
of minor consi delation in a 8])ar8ely settled agricultural country, became of foremost 
importance to a growing industrial nation. 

The national character of those problems and j>otentialities was recognized 
progressively by the Congress of the United States. The autliority of CongT*ess 
to legislate with reference to navigal)le waters of the United States was definitely 
established in 1824. Cognizance of flood control as a j)rohlem of national interest 
was taken in 1879. It was in 1888 that Congress appropriated fluids for surveys 
for determining the extent to which the arid regions of tlie United States could be 
reclaimed by irriga-tion and for selection of reservoir sites for the storage of water. 
Initial Reclamation Act under which the Federal Reclamation Activities are being 
prosecuted by the Bureau of Reclamation in the west of the 97th meridian was 
passed by Congress in 1902. 

The Federal Power Act was originaUj!^ enacted in 1920 in an initial effort to 
establish a degree of fedei'a! regulation over the dovolopmimt and distri})ution of 
hydro-electri(; power. Functions of the Federal Power Commission established 
thereby have been clarified and extended by subsequent Acts of Congress. 
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In 1925 the Congress had authorized the Secretary of War and the Federal 
Power Commission to prepare an estimate of cost of surveys of rivers of the United 
States ‘with a view to formulation of general plans for the most effective improve- 
ment of such streams for the purposes of navigation and the prosecution of such 
improvoraent in combination with the most efficient development of the potential 
water-power; the control of floods, and the needs of irrigation’. An estimate of 
surveys required and their cost was submitted to the Congress in 1926. Surveys 
of essentially all the rivers of the United States were authorized in 1927 and 1928. 
The great majority of these comprehensive river basin surveys were completed by 
the Corps of Engineers during the ensuing 10 years period. With this mass of factual 
information available, Congress was able to draft and pass ‘Flood Control Act, 
1936’ which established flood control throughout the country as a Federal activity 
and authorized a large miraber of specified flood control jirojects to be prosecuted 
at an estimated cost of 310 million dollars. 

The comprehensive river basin surveys referred to above not only formed the fac- 
tual basis for general Federal flood control legislation, but were of basic value to the 
Congress in 1933 when the Tennessee Valley Authority was established by legislative 
action ; as the engim^ering })lans for control and use of the waters of the Toimesseo 
river and its tributaries which have been developed by T.V.A. were essentially 
based on these comprehensive river basin surveys. Extensive use has been made 
of these surveys by many States and local agencies concerned with water resources 
planning. 

As a result of continued studios over a |)eriod of about 25 years, comprehensive 
plans of im [movement and development for all the essential rivers of the United 
States fire now avfiilable. 

The gi'and total c ost of com])i‘ehensive plans for conservation and use of the 
watcu* resources of the United States including work completed and underway may 
bo. divided among the folio vdng functions of the plan apj)roximately as follows: — 

Percentage 


Flood control 


$ 

12,295,200,000 

of total. 

21*29 

Navigation 


6,233,100,000 

10*83 

Hydro-electric x^ower . . 


24,086,900,000 

41*89 

Irrigation 


8,681,600,000 

15* 10 

Drainage 


375,400,000 

•65 

Watershed treatment 


4,012,000,000 

6*98 

Pollution control . . 


] ,365,800,000 

2 37 

Preservation of Fish and Wild-life and Recreation 

456,200,000 

•79 


Total 57,506,200,000 


The cost of completed parts of the overall plan of irax^rovement is estimated at 
4,780 million dollars. The cost of projects under construction by the Federal Gov- 
ernment in co-operation with local agencies in all x^arts of the country is estimated 
fit 4,593 million dollars. Projects definitely planned to meet the needs of the im- 
mediate future is estimated at 18,981 million dollars. Many of these projects have 
present ec^onomic justification. Tins part of the overall xflan includes most of the 
X)rojocd<s necessary to provide a well-roimded programme of river basin development 
for the next 20 or 25 ycfirs. Any plan of this magnitude could bo accomxflished in 
an effective manner only if the xihmning and constructing agencies of the Federal 
Government can jiroci^ed under an orderl3^ which continues at a fairly 

uniform rat e ()ver a period of years. 

In addition to the foregoing, x^lans have been x^rexmred looking towards ultimate 
develoximent of water resources wluch may prove justified over a long range future. 
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This plan which may serve as a guide to proper long range development are set forth 
to give an approximation of the probable cost of full water resource development 
at 2^9,153 million dollars. 

These figures are based on the comprehensive plans prepared according to major 
geograpliical regions of the United States. 

Accomplishment of the complete programme of development is a task of great 
magnitude. Nevertheless it is believed by the engineers in America that over a 
period of time it is entirely practicable and witliin the range of demonstrated capa- 
bilities of the nation. For example the appropriations by the Congress for the 
fiscal year 1949 for public works of the type in question will aggregate to more than 
a billion dollars. On tliis basis the programme will bo accomplished witliin the lives 
of the present generation. The grand total cost should also be considered in relation 
to the work completed and under -way. This will indicate that with the comjilotion 
of works now under construction about 16 per cent of the total projects will be 
completed. As one considers that practically all the work completed has been 
accomplished in the past 40 years and that all the work under construction was 
initiated during the past 1 0 years, a proper time perspective for the overall plan of 
improvement would be obtained. 

This j)icture of the problem of utilization of the water resources of the United 
States has been made possible by the availability of the river basin surveys which 
were authorized by the Congress in 1925. It required a full organization of 10 
Divisions and 41 Districts covering the entire United States to keep the plans up to 
date and co-ordinated with the plans and activities of other federal and local bodies. 

It is believed that the figures given are correct within the limitations involved 
in estimating for long range future projects. The benefits and advantages which 
will accrue from the long range programme of water resource development will far 
exceed the cost. In fact sound programme of river basin development is considered 
as essential to tlio survival of the nation. 


6. How DOES India stand ? 

No such overall plan of develoirment of river basins in India has yet been 
prepared or even attempted. 

The Central Waterj)ower, Irrigation and Navigation Commission has collected 
all available relevant data for projects under investigation by the Government of 
India, the States and other bodies. This information has been pubKshed in a 
book entitled ‘Data for River Valley Projects in India’. These projects by no 
means cover all the river basins. Yet the information in the Data Volume gives a 
good picture for our plarmers and financiers. 

There are in all 160 projects under consideration of wliich 46 are under con- 
struction — estimated to cost Rs.371 crores; 63 are in advanced stage of investigation 
and ready for execution — estimated to cost R8.530 crores and 61 are in initial stage 
of investigation — estimated cost Rs.378 crores. 

The total expenditure involved in the overall plan will be Rs. 1,279 crores, of 
which 131 per cent will be in dollars, 8-8 per cent in sterling and altogether R8.279 
crores or 21*9 per cent in foreign currency. The above expenditure will bring 31 T 2 
million acres of additional area under irrigation, giving 10-3 million tons of additional 
food. It will give 8*5 million kw. of additional power, beside other advantages. 

Compare the above figures with the cost of river valley projects under considera- 
tion in U.S.A. 

Even with all the projects given in Data Volume only 20-8 per cent of the avail- 
able waters of Indian rivers will have been utilized for irrigation and power. This 
will indicate not only the necessity for immediate construction of projects already 
under consideration, but for preparation of further projects. 
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About 78 per cent of the cost of river valley projects can be broken down to so 
many man-hours of which about 40 })or cent will be spent at the site of the project 
and 60 ])er cent at other ])lnceH for^ manufacture of materials, transportation and 
administration. 

Cost of these projer*-ts should, it is suggested, be broken down in man-hours, 
of which so many are idle at ])resent in India. TIu) Planning Commission and the 
engineering profession should ])end their energies in utilizing these idle man-hours 
for the <lcvelopmerit of lliver Valley Projects in tlio country. 

7. Basic Principles of Planning 

A mTilti-piirposo project slionld aim at the Oj)timum and the most efficient 
water-shed development and utilization of the available resourcjes of the valley. 
There should l )0 no waste of any possible jmtential duo to narrow regional considera- 
tions. The planning, design, size and ojxaation of the various structural units and 
the reservoirs should be such as to satisfy the demands, though sometime conflicting, 
of all the designated functions of the project. In order to avoid serious conflicts in 
operating polujies, it is advisable that the ])rimary o])erating purposes of each unit 
are (jlearly defined at the jilanning stage. Also it is (extremely desirable that all 
potentialities of the pro])osed })roject l>e <\‘vr(vfully analysed to avoid costly duplication 
or reconversion in the future. 

The feasibility of a (u oject should be investigated from economical and structural 
points of view. The construction of a |)roject should avert shortages in food and 
raw materials for industries. It should also l)e responsible for* increased employment 
and liigher standard of living. 

While determining the possil)lo and the required capacities of reservoirs and 
sizes of structures, the planners have to rely on many uncertain factors, especially 
the hydrological data. The ])est a]»proach is l)y a jU'occss of elimination of the 
uncertain factors. It is a sound principle to use the reliable observed data in the 
first ])lac;e and to resort to empirical solution as tia^ last alternative. 

Each project should be a good investment. It should not be a burden to the 
unborn goiKu-ations. It should ]>roduce benefits that cannot be obtained at a lesser 
cost by some other moans. Stress must bo laid on the observation of the most 
stringent (H'onomy. Tliore nia\^ bo a tendency to make structures unnociessarily 
more ex]KUisivo if the i)rojoct is entirely or heavily non -reimbursable, i.e. if the 
projec^t is not expected to repay the cost from the earnings. 

8ell-li(piidaling multi-pui pose })roje(?ts are the most favoured from the financial 
aiiglt'. I'lie (jost of tljc project and the repayment policies should be such as to make 
possible the maximum return to the government on its investment, the lowest cost 
to the tax payors, and the lowest rates t/o the users of water, ]mwor and other benefits. 

8. Stages of Investigations and Planning 

Investigations and plamiing have to pass through several stages, before the 
ground is ready for detailed planning. Many engineers fail to make a proper dis- 
tinction between these stuiges with the result that considerable amounts of time and 
money are spent on projects, wliich have ultimately to be dropped for engineering 
or economic reasons The relative importance of these stages has been briefly 
discussed in this ])aragra]fli. 

Wlien investigations of a ])articular project are initiated, the full data and studies 
necessary to support adec(uat<^ly and conclusive^ the prescribed objective of inves- 
tigation should be carried out with the minimum expenditure of time and funds. 

Investigations conducted jirior to authorization of projects should be carried 
on to such a point and in su(ih detail only as is necessary to determine whether the 
project under investigation has engineering and economic feasibility. When feas- 
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ibility becomes apparent and authorization may he antici[)ated, investigations 
should ^be directed towards the requirements of a project planning report. In a 
similar maimer, when infeasibility becomes a})paront, pre-authorization investigation 
should be continued only to the point necessaxy to show infoasihility under existing 
conditions. 

Pre-authorization investigations must be terminated at a reasonable point. 
On large projects, seasoned engineering, hydrologic and economic judgment and the 
best available safeguards for the reliability of results, necessarily, must be substituted 
for the finite and very detailed pre-authorization investigations. More detailed 
costly investigations, which are generally needed, should be sclieduled immediately 
to follow authorization. 

A very large project may generall}^ involve policies peculiar to itself. These 
must be considered in the light of particular needs and circumstances. Where 
reasonable doubt exists as to feasibility of major features, it is necessary to carry out 
sufficient investigations to make preliminary plans and estimates, reasonably firm 
for obtaining authorization. Minor features may need to bo investigated only after 
the reconnaissance study gives tangible form and substance to tlie scheme. 

Investigations should be sufficiently complete so that the total estimated cost 
of the contemplated project will be known with reasonable accuracy but with the 
expectation that further and more detailed investigations might readily be expected 
to change the estimate within certain limits and to shift the distribution of benefits 
and cost among the individual features of the project. 

It is not possible to outline a progreamrne of ])otential dovelo]>raents for the 
greatest good to the greatest number of people in any area until the task of compre- 
hensive plamiing is viewed from a basin-wide ])er8])C(;tive. It is a requisite in all 
planning investigations that the area be looked at from a basin })oint of view 
in order to assure that a truly comprehonsivo picture is obtained. The ])os8ibiiity 
of trans-basin diversion may be kept in view where availabJo water supply in a basin 
is inadequate to meet the possible develo])ment within physical limitations. With 
an inventory of all potentialities, it is possible to outline a oomj>rohensivo plan for 
the development of the natural resources of the basin. 

Existing project and rocoimaissanco investigations should bo considered as a 
start towards the basin planning, ^fliose investigations form an integral part of a 
basin investigation and should be incf)rporaie(l into the general j>lan. They arc 
supplemented by additional information whore required. 

Aft(^r the re(.*oniiaissance investigations indicate that tliero ajo definite develop- 
ment potentialities wliich are consistent with overall liasin phins, the jirogrammo 
of investigations may ])roceed to establish lirra information for authorization and 
construction approjiriations. 

After a project or part of a project has been authorized and a])proj)riation has 
been made avaUablo for its construction, it has to pass through two more stages 
before detailed plaiming can bo taken in liand: — 

(а) Review of previous planning investigations. 

(б) Preconstruction or detailed investigations. 

The review of jirevious planning investigations will depend upon two factors : — 

(i) the length of time which has elapsed since those investigations were made 

and; 

(ii) the availabihty of employees who participated in the initial studies. 

When the above review clearly indicates that there are no basic obstacles either in 
the economic or engineering features of tlio projcc.t, intensive pre-(?onstruction in- 
vestigations are made to permit pre])aration of the so-called ‘Definite Project 
Report’, before final plans and specifications are prei>ared for letting out construc- 
tion contracts. Authorization is pre-requisite to the initiation of pre-construotion 
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investigations and the x^reparation of construction designs and sx)ecifications for any 
particular project. 

It is on the completion of x)re- construction investigations that a ‘ Definite Project 
Report ’ which presents factual data and findings of these investigation negotiations 
and studies is prepared setting the field for detailed x^lanning. 

9. Factors fob Consideration in Detailed Planninc 

After the project has been judged feasible the following factors should be con- 
sidered in detailed j)lamiing: — 

(a) Compromise necessary between the various functions for reservoir capacity 
design. — ^This comfuomise should be based on the relative values 
involved. 

{h) Comparison between costs and benefits. — If tlie ])roject has to be self-liqui- 
dating and paying, it is necessary to follow the rule that 'every invest- 
ment should earn a rate of return commensurate with the risk involved 
Tins should be worked out for each i)haso of the project taking into 
account the utilizable potential of each phase. 

(c) Determination of the most economical and suitable reservoir capacity for a 
particular site. — For a reservoir site there are two values of capacity, 
the upx)er and the lower within whic^h range, the benefits are more than 
the cost. Within these two limits there is one value of capaciity 
at which the ratio of benefits to costs is a maximum and 
there is another value of caiiacity at which the difference between 
the benefits and cost is the maximum. The reservoir capacity should 
be designed between these two latter values. 

{d) Comparison between a single large reservoir on the one hand, and various 
smaller ones on the other. — Possibility of bettor regulation, better silt 
storage and ample capacity by x)roviding smaller reservoirs instead of 
single large ones must be given duo consideration. In (iortain cases 
big reservoir sites may be non-existent or impracticable. 


10. Criteria of Economic Justifiability 

For a long time the financial criteria Ibr the leasibility of a river valley project 
was that it should pay a return of 6*0 per cent in the 10th year after completion of 
the project on the sum-at-charge which is defined as capital cost plus cumulative 
interest minus cumulative net revenue. 

The author of tliis paper raised a voice against this criterion in 1939 for the 
first time. As a result of several successive efforts mainly by Shri A. N. Khosla 
the minimum return has been reduced from 6 0 to 3-75 per cent. 

It has been argued a number of times that there are several kinds of benefits 
which do not directly accrue to the exchequer. The criteria of economic justifiability 
should be applied in addition to the financial criteria. After all it is net gain in 
some form wliich measures the extent by which the national wealth is increased by 
reason of a multi-purpose project. In general practice the economic justification 
of multi-purpose projects is sufficiently demonstrated in the ratio of tangible benefits 
to cost. This ratio should be greater than unity and in some doubtful cases should 
be substantially greater than unity, say 1-26 to 1-50. 

If in the case of a multi-purpose project which in its entirety has an acceptable 
ratio of benefit to cost, the average annual cost apportioned to a given primary 
component exceeds the criterion ratio which would be acceptable in relation to 
benefit, it is permissible to reduce the allocation of cost against that component 
and any other component in like status. 
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1 1 . Power from Multi-purpose Projects 

Where feasible, electric power generated on the project is a working and paying 
partner of irrigation. The importance of power in defraying the costs of a project 
will be evident from allocation of costs to different purposes. For profitable devoloj)- 
ment it is advisable that the dams be designed with a power output, present and 
future, that fits in with the power resources and demands, present and potential, of the 
area to the very best advantage. The new systems should be planned to include the 
existing transmission systems to avoid wasteful and irrational duplic^ation of facilities. 
Formation of power grids and co-ordination with other generating stations, both 
hydro and thermal, should be kept in mind during the plamiing stage. 

Development of power resources and utilization of those resources involve a 
broad overall planning and considerations of many comxjlex engineering and economi- 
cal studies. The overall xjroject develoj)mont must include })rox)er consideration 
of jiower development to assure optimum develoiiment and utilization of }}Ower 
consistent with other prior uses of water. 

In the study of inter- connection between basins and the transmission of power 
to industrial areas it is necessary to prepare a sjjecial analysis of the power features 
including not only the generation and transmission of electric energy but also co- 
ordination of numerous xiower x^lants through inter-connected system and a study 
of market trends. Operation of a grid system must be flexible and subject to x>ower 
adjustment to meet the constantly changing conditions. A well -designed and 
efficient network generally wilF deliver power and energy to the various load centres; 
provide two-way service to all important x>oints; interconnect with neighbouring 
networks; and constitute an effective link in the regional x^ower system’. 

Two systems of marketing x)Owor are followed in the United States by Govern- 
ment agencies x^r^>ducing x^ower from multi -x)urx)Ose x>rojects. The Bureau of Re- 
clamation sells project power wholesale to the utility comxianies and distribution 
agencies, with preference to Municipalities, Public Corxiorations and to Co-operative 
and other non-profit organizations. In other areas regional authorities are estab- 
lished which are resx:>onsible for distribution of x)ower to all the consumers. It has 
been found that the exx)erienced selling organizations of the established companies 
can market the x>roject power more efficiently to the greatest number of people. 

On the average it has been estimated that for every 100,000 kw, of installed 
hydro -x^ower, the capital expenditure required for generation of power along with 
the expenditure on other components of the multi-purpose x>roject, cost of trans- 
mission and of industrial plant for utilizing this energy would be of the order of 
Rs.lOO crores. This gives a caxntal requirement of about Rs. 10,000 x>er kw. of 
installed power plant capacity. This would give an approximate measure of the 
capital required for utilization of power and would have an imxiortant bearing on 
the rate of utilization from a project. 

12. Allocation of Project Benefits and Costs 

Allocation of benefits are made usually according to the importance of the various 
functions of the project considered in planning. Oxieration x>olicies are also for- 
mulated for giving top priority to various functions in the same order. The allocation 
of costs of a project is, however, made in such a way that by-products Uke commercial 
power may have to pay more than their proportional share of benefits. 

A combination of various allocation theories is used to determine the prox)or 
share of costs that could be assigned to each of the beneficiaries. 

In the first place ‘Ceiling’ and ‘Floor’ allocations are fixed; the second stex) 
is to decide upon the practicable allocations. Floor allocations represent capital 
directly assignable to the several functions or uses of the project. Ceiling allocations 
are the values attributable to the project features as determined principally by the 
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loHser amovjiii i‘(^|)ro8enting the estimated cost of providing corresponding services 
frojn alt/ornativo ntruotiires or the capitalized values of the annual benefits produced. 
‘ i?roj>ort ionato use’ allocations, represent floor allocation plus allocation of joint 
facilities on an ‘estimated use’ basis to the several functions. 

It will be interesting to give an example of allocation of benefits and costs for 
the Central Valley Pioject in California: — 


(a) Proportionate me. 

Per cent. 


Irrigation . . . . . . . . 53*8 

Power . . . . . . . . 33*2 

Navigation . . . . . . . . 6*8 

Mood Control . . . . . . 6*3 

Municipal and Industrial . . . . 0-9 

National Security . . . . . . 0-0 

(h) Proportionate repayments. 

Irrigation . . . . 33*3 

Power . . . . . . . . 48*5 

Navigation . . . . . . . . 5*0 

Flood Control . . . . . . 8*6 

Munici[>al and Industrial . . . . 3*4 

National Security .. .. .. ]*2 


The importance of electric power in making a multi-purpose project feasible 
(ian be judged from the examples of the following Bureau of Reclamation projects: — 

(a) Hoover Dam. Tlie power it generates will repay 90 per cent of the cost 

ol* the ])roject with interest. 

(b) Columbia Basin Project, Central Valley Project. Power will rei)ay more 

than 50 j)er cent of the (;ost of the project. 

((') Parker Darn, Davis Darn, and Fort Peck Darn (Corps of Engineers). On 
tlieso projects all constniction costs will be borne by }>ower. 

On all 11)0 Bureau of Reclamation proje(?ts under constnaition on JanuaTy 1, 
1942, power revemais are ox})ected to pay^ 58 per cent of the total cost. ‘Of the 
remaining (josts, w ater users of irrigated land will re]>ay 37 j>er cent and 5 ])or cent 
will bo paid b\^ inunitapalitios for domestic water su])plies or will be charged to Hood 
control or otlier non-reimbursablo activities. ’ 

The f)ro])osod allocation of costs between various })urposos on projects at present 
under construcition in India are: — 


1 

1 

Power 

T*er cent. 

Irrigation 

Per cent. 

Flood 

control 

Por cent. 

Navigation 

Per cent. 

Hirakud 

61-8 

23*3 

12*8 

2*1 

Daraodar 

51*4 

23*6 

26*0 

0*0 

Bhakraaiid Nangal 

61 6 

38*4 

0*0 

0*0 

Tokil 

174*6 

85*3 

37*8 

2*1 

Avora/^€^ 

i 58*3 

28*4 

12*8 

0*7 


These figures bear a fair comparison with the allocations on the American juo- 
jects. 
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13. CO-ORDINATION OF RiVER VaIJLEY PROJECTS 

In view of the present economic limitations of the country it is evident that all 
the projects under consideration by Central and State Governments, cannot be under- 
taken simultaneously and there must be co-ordination of the activities of government 
agencies both at the Centre and the States to reduce un])roductive public ex])enditure 
and expand agricultural and industrial output so that the limited national resources 
are used strategically to serve the short term economic necessities of the country. 
There should be an overall i)lan which will include projects whether under investi- 
gation or execution by the Centre or by the States and other agencies. Enough 
j)rojects should be under ijivcstigation and the time table of investigation, planning 
and execution should be so worked out that by the time machinery and technical 
persormel now employed on any construction work become free, they could be shifted 
to new construction. This should bo feasible irrespective^ of the State boundaries 
in which any particular project may be located. Considerable economies will be 
possible in the cost of construction if the same construction machinery can be used 
on several projects one after the other as was done in the case of construction of 
T.V.A. projects. 

It is obvious that best residts will be obtained if all objects of a particular multi- 
purpose jjroject are })ut under the executive direction of one organization. In the 
United States, T.V.A. is one outstanding exam])le of this ])rinci})le. The United 
States Burc^au of Reclamation may be mentioned as another outstanding example 
of organization dedic;ated to the jdanning, design and management of midti-purpose 
river valley' projects for about one half of tlie area of the United States. The depart- 
ment of the Army, Corjjs of Engineers, takes care of projects primarily meant for 
Hood control and navigation all over the States. 

When a river basin is too big for the executive control of one agency, there 
should be close co-ordination between the different agencies concerned. An out- 
standing (;ase of co-ordination between different federal de 2 )artments and State Gov- 
ernments is the develoj)ment and control of the Missourie River basin. The Army 
Cor^js of Engineers is at work on 5 great multi- 2 )ur 2 )Ose reservoirs in the basin and a 
number of urgent flood control levies and Hood walls. The Bureau of Reclamation 
of the lJ)o 2 jartmeut of the Interior is constructing a number of im])ortant irrigation 
and ])ower ])rojec;ts. The De])artment of Agriculture is co-oi)erating with a vital 
soil conservation jjrogramme. The Federal Power Commission is making extensive 
studies for utilization of potential electric jjower. Other Federal De 2 )artment 8 are 
co-operating on Hsh and wild life recreational plans. The j^eople of the vallejy through 
their State and local governments are heljuiig in this great undertaking. 

The work of these federal departments and the local and State Governments in 
iHarming, construction and administration is co-ordinated by the Missourie Basin 
Inter-Agoncy Committee. Authorized by resolution of the Federal Inter-Agency 
Committee in Washington, March 29, 1945, the Missourie Basin Inter-Agency Commit- 
tee meets monthly rotating among the basin states. It has ])rovided the means 
tlirough which the Federal Agencies have effectively co-ordinated their activities 
among themselves and with those of the States. This Committee is comjjosed of one 
representative of each of the Hve parti ci 2 )ating Federal Agencies and five Governors 
representing the ten Missourie Basin States. Governor members of the Committee 
are selected by the Missourie River State Committee which is made U}> of the Gov- 
ernor and two moinbeis from each of the ten Missourie Basin States. Imdusion 
of these governors on the Committee gives re})resentation to the States and assures 
that the local viewj)oint on all 23roblem8 wiU be given fullest consideration. 
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Discussion 

Dr. S. L. Hoba stated that Mr. Man Singh in his contribution on Navigation had referred to 
arj advice given by a foreign expert to the effect that in the initial stages of developing river 
transport; attention should be paid to the use of tugs for pulling several country boats at the same 
time. This w^as a very sound advj(‘o indexed, for it implied the utilization of the existing craft, 
(^luicker transport and less fatigue for tho operating porsomiol. Mecljanizod transport vessels, 
tl»e expert said, wdll automat ically replace this practice in course of time. 

Tliere was a close parallel between the advice given by the river -transport expert and what 
some of us have been advocating in rc^gard to the development of oft'-s>»ore fisheries in India. 
Piero also tugs could bo used to take out country fishing vessels to new grounds and bring them 
back to the shore in the evening, thereby saving mucli time and energy of the lishennen and 
giving them more time for fishing. The development of meclianized fisliing fleet wdll follow 
in course of time. But unfortimately tin's advice was given by Indians and not by foreign experts 
BO it had not received much attention. Aii.y development. Dr. Bora stated, should begin with 
the fuller use of what- w'^o have got alretwly and not with foreign practices wliiclj were at 
present not witliin India’s economy. 

With regard to irrigation. Dr. Pfora enquired whether the Chinese (Chekiang) practice of 
partit ioning irrigation canals by bamboo screens for fish culture existed in India or not ? He 
was, however, aware of such screens being used in Bengal for catching fish. If it could be possible 
to introduce Ciiinose j)ractice in India, large crops of fisb could be raised and these canals made 
multi-purpose in use. 

He rc'<7rettc'd tliat lYofes.sor N. R. Sen’s c](uestioii Avith regard to the effect of tho river projects 
on tho lower reaclies of the river did not receivt' proper attention yesterday and owing to the 
absoncjo from the meeting (jf tlie persons likeR to throw light on the subject it could not be taken 
up now. In regard to fisliories, he w ill show that the effect may be very deleterious and therefore 
advocated that a river-system should 1 h> considered as one unit and not developed piecemeal. 





Figure A 



PROBLEMS OK RIVKH FORL(^ASTLN(J IN INDIA 


By S. K. I>ANERJi, JJ.S( F.N.] F.lt.M.B., Calcnffa. 


SxJMM A kY 

Tko object of river forecasting is to predict the volume of stream -flow or the lieiglit of water 
to be ex}H)ct,od in a riv(‘r cliaruiol, lake or reservoir. 

Floods are ciuised by cy(;loni<i storms or do])rt‘ssions which move inJand from (lu^ Huy of 
Bengal or tlie Arafc)ian Sv'u and tlie Meteurolagical Dejiartmc^nt TiormaJly issue warnintrs for all 
expected floods. '’J’his is coinjauati v f^ly ♦’■nsier than predicting t he stag('s or flow s in a rivt'i*. Yet, 
an adequate river -forecasting s('irvi((' is a vilal nee(\ssity iri all fleod cent rel pituis, as ai(‘ dams, 
levees and by-passes. Fei- inslaiH (‘, in tlni Dainedar catchTJient or the Mahanadi cat-chinent, 
floods are due* to storms from the head of tlie Bay of IFutgal moving westwards or wost-north- 
westwards. While int)vii>g, those cause h<'avy precipitation first in th(^ lower cafclmicnt and 
next in the uppio- eat chnuad . If no adequate warnings are given , and i f the dams are already full, 
the flood control plan w ill tail. TIk ji again, w it]i()ut adcajuate forecast ing soj‘vi< e, tlu' dams may 
he left inadequai ( ly fllfed at the end of tlio monsoon for work during (ht> following dry months. 

Th(i forocast ing service ]ia,s to be based oii a (k'tailed study of the charaettu'ist b s of eaeli 
catchment, whicli again napiiie' provision of data giving quantitative' me^isni'i'memts of the eon- 
ditiem of the rivers, and of pr(*cipitation, te'mpeuat ure, humidity, evajxaai ion , t ians]>ii’atioiJ and 
wind ovea' the catchments. A studj of the hasin <*}ia.iacterist ies must b<^ follownd h^y a full know- 
ledge of t he meteorologica l dat a affect ing t he* liydrologie al cy ( le. This involvt s a stnd\ of rainfall 
losses (iiH'luding (.lepre'ssioii storag* ), surface rnn-nff, int ta tlewqthe greniid-w ater and .surface-water 
hydrc»graptis within and between storms. The rainfall and rmj-off relation ship for (jueh basin 
rnnst be' fletijiitely * established. 

Tlie ele'velepineiit of predict ion formulae' based on stat-ist-ical analysis of tlu' past rainfall 
and rive.5r-dise‘hargo data involves: 

(1) A study of the frcqueucy distribut iem eif pree. ijiitation over the' eatchnie'iits for differeiit 
periods, say ‘3 days’ or ‘5 days’, anej also thei IVeiquency distribution eif j ive'r el ise liaigf's for corre- 
sponding jieriods and t h('ii' mntu'il coi rclat iems. I’rovide'el Die statistical data e-onstitnte a fairly 
long seuie's, sucli ajialysis cnablt'S us te» say witli em. ‘ 80 jiei’ e.'e'iit’ chance eil' suece'ss hat 1he> pi’o- 
eapitation, eiui iiig a coi ta.in s}ie'e*itie'd jierieid eif ‘3 days’ e>r ‘5 days’ eir any^ other sjiee'itied jicrind, 
will lie between twei dedine'd limits and we ccmld similarly say Avitb Die sarnei eliance of suc-cess 
that tlie i'i\er he'iglit.s will be betwe'e'ii two sla.tcd limits. 

(2) Workijig out of definit e jirediet ion feirmulae' coiine'ct ing pree-ipit at i< ai ov(*r tlio catcbme'nt 
and tJie riA’cr fK'ights fei’ ‘ one'-da,y '2-da, \ s’, ‘.3-elays’ j.ie'riods, which could be ustal to jiredict the 
expeicti'd riveir he'ight fi.ir a given period from a forecast value' of piecipiteit ion ovaa- the' f;atehment 
during that jieriod e)r a prexaens perieid. A st udy of e-orrelations be'twe'i'ji laiiita,!! luid discharge 
data foi‘ (*atcbm('iits show' genorally that the' cJosone'ss eif Diei association betwee'H rainfall and 
disc'hargo decreases as the 'juaiod’ iruacasos. A predictie>n formula eif this kind wtis give>n by 
Mahalunobis tej jiredict the jewel e>f the Mahanadi at Naraj one day in advance' in the tV)llowing 
form : 

H., - ]-r)4(Z0-l b-07(/0-t 2.3-81 

w here 

Hn ■ prodie ded heiglit at Naraj on -??th eJay, 

li ---- te^tal rainfall in inches foi' a pei’iod of 3 consee'utive days ending on the (r? — 2)tU day, 

h - ave:'rago heu'ght in feet of tlui river fejr ,3 consf'cutivei days e'iiding on (>?■ — l)t}i day. 

When the value of the total rainfall can be aecurate'ly estimated, the e'jrer of the beiglit forecast 
will be between feet. An tirror in the estimated rainfall will inere'jise' Die orreir of the esti- 

mated height. 

The problems of rj ver-forecasi ing in India, taking into eonsidorut ioji all the abov'o aB]ieetR, 
and the development of ])rf;diction formulae' for definite eatchmiailB like the Damodar and the 
Mahanadi, are discussed in detail in the jiaper. 

So far it lias been gera'i-ally the practice to com]^nte values eif meteorological elements for 
the different politic'al divisions of tlie country. A map sliow-jng Die division of Die country in 
terms of catdiinonts of the different rivers lias been pn'jiart d by tlie ('('ntial Water Bowi'r, Irriga- 
tion and Navigation Conunipsion. In Apiiemlices I, 1 1, III and IV liave been giAdi for the first 
time the values of (i) mean rainfall, (ii) mean tcmjx'rat ur<', (iii) the highest and lowest values of 
rainfall, and (iv) the highest and lowest values of temperature for each of the catchments and for 
each montlx and the year. 'I’hese are the basic data for the hydrological studies of the differont 
catchments. 
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The o])jo(‘t of' river foroeasting is to predict the volume of stream-flow or the 
hoiglii of \v;Gct to ex])oeted in a river channel, lake or reservoir. This subject has 
r(M‘(‘i\ (K] a g(»o(l (le<il ol attention in fT)untries where river projects have reached an 
ad valu ed stages of development. I give in this article a review of the problems 
whi(*li \v(‘ liave to la.eo in India. In this review use has been made of some of the 
ma,t(‘ria,lH givtui by Piof. Malialanobis in his excellent report on the Mahanadi catch- 
ment ajxd in some of the publications of the India Meteorologi(‘al Department. 

Heavy rainfall in (*atchments is associated with the movement ol* cyclonic storms 
or de])ressions from the Hay ot Bengal or the Arabian 8e>ix during tlui pre-moiusoon 
montliH, A])ril and May, tlu^ monsoon months, Juno to 8e])tomber, and the post- 
monsoon niontJiH, Octof)er and November. These arc occasional events; the for- 
mation aiul iuov(uinait of (*ycloni(‘ storms or depressions can be seen on weather 
charts, and tlu^ imdeorological d(‘,[)artment is able to give a warning for heavy rainfall 
in most cases at. h^ast 4S houis before^ their occurrence. This is comparatively easier 
than ]>r(Hiicliug fhe stag(\s or Hows in a river. Yet, an adequate river -forecasting 
servi{‘e is a \’ital nece8sit\ in all flood-control ])Ians, as are dams, levees and by- 
passcis. In cat(‘hmcnts like Damodar or Mahanadi, floods are produced b}^ storms, 
which foriu a,t. head oi' Bay of Bengal and move westwards or west -north- west- 
wards. While? moving, these? cause heav\^ j)re(dj)itation first in the lower catchment 
and nc?xt in the U})|vc‘,r catchment. If no adequate warnings are given, and if the dams 
arc? already lull, the flood (‘ontrol j)lan w'ill fail. I'hen again, without adetpiate 
fore(?asting sei vicc?, tlu‘ dnins may be; loft imidequately filled at the end of the monsoon 
lor work during the? I'ol low ing dry months. 

The rorecast ing servi *c lias to 1)0 based on a det-aded study of the characteristics 
of (?a,(‘h catchm(?nt , w hich aga,in require provision of data giving quantitative mea- 
Hurc?]m‘7it s ol'tlu? condition of the? rivers, and of ]>reci] citation, tem])erature, humidity, 
eva]K)raf ion, (raJisj)ira,t.ion and wind over the eatchm(?nts. A study of the basin 
chara.(?f(?i‘ist ic s must l )0 followed hy a conijaelieiisive knowledge of the inoteorologieal 
data aff(?(ding the hydrological eyede. This involves a study efl' rainfall losses (in- 
cluding d(?pi(?ssion storage), surlaec? run-off, ijiterflow, the ground- water and surfaeo 
w'atcT hydiograpKs wit hin and between storms. The rainfall and niii-ofi' relationship 
lor ea.cli i)asiu must be? delinitely established. 

The? first esstaifial st.ej) is the establishment of a netwwk of meteorological 
staticuis r<?coi (liug tlve c?lejueuts ment ioned above, and the inst.allation of instruments 
to ])i-ovid(? the? n(?cessarv hxcirograph for the river-flow as well as the underground 
flow. Ilu* network ol' pre(?ipita-li<ui-ga.ugcs has to ho so arranged as to give the 
s]>ac(?-dist i'il)iition of precipitation with an error not exceeding 10%. The detor- 
minat ion of th(‘ neiwoik invoiv(?s a. statistical! examination of the rainlall variance 
of the? c?\isling stations, w ith ])arti(*ular reference to the topography. With a good 
uc?t w'ork the isohycde.1 jiiap allowAs a com]>utatk)n of the s})aee distribution of rainfall 
ovc'T- a catchmcMct to be? made to ;i certain degree of accuracy. The accuracy increases 
with increase in the? nunibca- c?t raingauge stations. In Damodar catchment, covering 
an a.rc?;i ot S(jua]x> mil(?s, a net wank ol’ 25 raingaugo stations, gave an error in 

the (Ic'Jeriuinutiou of space distribution of rainfall of the order of 15 per ('ont. A 
network of b() stations was recgiired to bring down the error to about 10 per cent, 
and this is tlio network wliich has now' been established in that catchment. 

Sfunn Anah/sLs. 

For storm analysis, Thiosseii constructed network by joining the stations 
witli straight lines. 11’ the per})endicular bisectors of these connecting lines be 
drawn, <?ac‘}i station will be enclosed by a boundary midway between it and the 
adjac'cnt stations. Tlie area covei-ed by each station can be measured and expressed 
as a ])orcent ago of the whole area. A weighted average rainfall for the basin can be 
obtained b> mult iplying the record of c?ach station by the percentage of the area 
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assigned to it and totalling these values. The method is unsatisfactory because it has 
no physical basis ; it is arbitrary and at the same time inflexible. 

It appears that the most accurate computation of average rainfall can be made 
by means of the isohyetal map. By measuring the area between contours with a 
planiineter, the averiigf' rainfall for the basin turn be readily c;om])uted. A good 
amount of rainfall analysis for some of the catchments in India h<is already been 
made. 

A knowledge of the maximum rainfall that has occurred or is likely to occur 
over the catcdiment area as well as the maximum rate at which the run-off wa,ter will 
arrive at the point of outlet from the basin and the duration for wliicli this rate 
will bo maintained, that is the characteristics of ‘])oak discharges', is essential for 
the design of flood control reservoirs for the regulation of flood vv^aters. 

In liamodar eat(;hmont, during the ])eriod of 60 years ( 1 891-1 950), the five storms, 
the particulars of which are given below, (caused the largest amount of ]>reci|)itation. 



I 

11 

ITT 

TV 

V 


Aug. 

July 31 

Aug. 

.liilv 29 

duno 


(5-12, 

1913 

- Aug. 7, 

8 15, 

-Aug. 3, 

1(>~I9, 


1943 

1 935 

1917 

1893 

Total storm period rainfall in i nohos 
Average rainfall p<5r day of storm 

22-0 j 

21*8 

17-9 

17-4 

15-9 

period 

3-1 

2-7 

2*2 

2-9 * 

3'0 

Maximum rainfall in 3 days 

13-0 

ie-1 

9-1 

15*2 

13-5 

Higliest rainfall in a day 

4-7 

(>•9 

5-1 

7-1 

8-0 


Storms T and II gave the he^aviost total rainfall during t lie st orm ])criod. St orm 
IV gave the highest three-day rainfall of 15 inches. Storm V gave t he highest mean 
rainfall of 8 inches during a jioriod of 24 hours over an area of 7,200 si{uaro miles. 

The frequency distribution of storm-period rainfall irros])ective of tlui duration 
of the periods is given below: 



1-01 

2-Ul 

3-01 

4-01 

5-01 

0-01 

1 

7-01 

8-01 

9-01 

10-01 

11-01 

12-01 

Rainfall Range in inches 

io 

to 

to 

to 

to 

to 1 

to 

f o 

to 

t,o 

to 

to 

2-00 

3*00 

4- 00 

5-00 

6 -00 

7-00 

8-O0 

9*00 

io-oO 

11-00 

j 

12-00 

13-00 

P’roquoTH-y 

101 

OU 

22 

1 5 

15 

.3 

3 

3 

i ^ 

1 

1 

0 


These have been plotted in Fig. 1 and a smooth curve drawn through the yioints. 
The curve suggests that the chanc*e of storm j)eriod rainfall oxce€Kling 13 indies in 
Damodar catchment is 1 in 200 years. 

For the Mahanadi catchment, the absolute maximum observed intensities of 

average rainfall in inch per day for the whole catchment for 1, 2, 3 10 

consecutive days, based on data of heaviest rainfall during 1891-1928 are given 
below ; 


No. of days 

1 

2 

3 

[ 

4 

5 

(> 

7 

8 

9 

10 

Maximum intensities 
of av(irage rainfall 
in inch per day 

3-75 

2-91 

2-24 

1-94 

1-86 

1-72 

1-54 

1*37 

1-24 

1*18 
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Frequency distribution of storm period 
Rainfall over damodar basin 


0 


5 ~10 

RAINFAI.l. IN INCHES. 

Fig. I 


~i 

15 


'f’Juvsti (i<»:ure>s ^ivo an idoa ol tlio I’isk <>i nia,.\iinum lainiall ifi Ma.liuna,di ralchmout 
l.ak(vu a.s a whol(‘.. TIk* accinnula-ltHl IVta juiaK v distri bution of raiiit'all inttnsjlios 
lor ilio vvlioJo iMahaiiadi ( at clLiiiont I)aH(Hl (>ii 2-0 dayw a-vera^os, July to Se])t. 1801— 
1028 is shown IhOow : 


In «'X(‘(\ss (.)f i ih'Ik^s oI 
rainfall 

2 .Ihvs 

‘I daya 

4 days 

6 days 

l-OO 

20 1 

117 

104 

77 

I’tin 

104 

r>3 

3d 

25 

1 -aO ! 

4S 

21 

18 

10 

1-75 

»>!•> 

10 

0 

2 

•J-00 

14 

8 




r> 

1 1 



2 -.50 

4 




2*75 







S. K. BANERJI: PROBLEMS OF RIVER FORECASTING IN INDIA 


399 


The figures in the following table give the probable number of occasions in 
one monsoon season (July-Sejitember) on whic^h dilToront intensities ol' rainfall in 
excess of one inch may bo expect-od to o(.*cur continuously for jieriods of ‘2-day s’, 
‘3-days’, ‘4-days’, etc. over the whole of the Mahanadi catchment. 


In 










excess of 

2 

3 

4 

6 

6 

7 

8 

9 

)U 

inches of 
rainfall 

days 

days 

days 

days 

days 

days 

days 

tlays 

da.yB 

1-UO 

10-U 

4-7 

3-9 

3*3 

1*G 

1*5 

1*2 

0*9 

0*8 

]-2() 

:h9 

2-1 

1*3 

]«3 

0-7 

05 

0*1 

0-2 


1-40 

2-1 

1*3 

0-9 

0-8 

oi ! 

0*05 




1-GU 

l-.'l 

0-7 

07 

0-4 

0*03 





1-80 

U-7 

0-5 

0-2 

0-05 






2-()() 

U-5 

0-4 

0*05 







2-40 

0-8 

0-06 








2-80 

O'l 










Thus the ])robability of 1-2 implies of rainfall occurring continuously for 7 dn.\ H 
over tlie wliolo of t he Malianadi cat<*hment is once in two monsoon seasous. 

Tt is not only necessary to analyse the s])ace distribution of rainfall but it is 
a, Iso important to analyse the time distribution of rainfall throughout a storm. A 
'mass- curve' is a plot of accumulated preeijntation against time. 

The area-dej)tli curve, and tlie duration -depth emve are useful tools for storm- 
ajialysis. The area-def)th (;urve ex])rossos the relation between average rainfall 
and area, for a given storm. The duration-depth curve shows the relation between 
a(*(nimulated averagt^ rainfall and storm duration. 

The area-dei>th curves of storm rainfall ami time-depth-arwi curves of maximum 
likely rainfall have b(;on worked out by Mr. Satkopan for Damodar catchment with 
j)articular reference t-o the storm of 17th to 19th dune, 189H, which, as already indi- 
cated gave 8 inches of rain over 7,200 s(iuare miles. These enrves are shown in 
Figs. 2 and 3. Similar curves for Mahanadi catchment have been worked out from 
data given by Mahalanobis and are shown in Fig. 4. 



Rg. 2 
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Gro und- wafer rneasurefnents . 


Water stored in the ground c;onstitutes an immense reservoir making material 
(‘outrihution to the stream flow. The primupal direct measurement of ground waiter 
is the elevation of the ground water-table; this is determined by measuring the 
elevat-itui of water surface in wells. 


Bn, mi Characieri'^tics . 

It is essential to have adequate knowledge of the basin characteristics. This 
Avould comprise : 

Type of soil (rocky, sandy, clay, lava, etc.), 

Land-use (forest, cultivation, range, urban, etc.), 
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Type of cover (brush, hardwood, evergreen, crops, etc.), 

General Topography (steep slopes, Hat sloj)os, rolling hills), 

Drainage area, 

River mileage, 

Elevation area diita, showing drainage areas above and below various eleva- 
tions. 


Rainfall Loss. 

The difference between the volume of rainfall and the volume of run-off' is tlie 
‘loss’. The loss factors cover — 

(a) The intercejUion loss, that is, the water held on the leaves, trunks and 

stems of })lants and trees. The water so intercepted is returned to 
the atmosphere by evaporation. 

(b) The loss due to Held moisture, that is, the water retained within the inter- 

stices of the soil, the amount depending on the type of soil. 

(c) Infiltration tlirough the soil to the lower layers. A xiortion of this gravity 

water goes to the ground water-table whence it travels to the stream 
channels and springs. Since this underground flow ultimately goes 
to the stream channels, it does not constitute entirely an item of loss. 
A portion of the water is held by capillary action in the soil above the 
water-table, and returned to the atmosjihere by tran8j>iration under 
favourable conditions. 

(d) Loss due to depression storage, and applies to the portion of the pre- 

cipitation caught in ditches, field, puddles, and other natural or artificial 
storage basins. 8u(;h water remains where it collects until it evajioratos 
into the atmosphere or percolates into the soil. 

The amount of water hold by foliage, crops and undergrowth will doi)end on — 

(i) the intensity of rainfall, 

(ii) wind action during and after the storm, 

(iii) thic^kness and nature of foliage, kind of crop and nature of undergrowth, 

(iv) dry and wet state of plants prior to the commencement of the rain. 

The amount held up in this way has been variously estimated to be between 15 
i o 30 per cent of the rainfall caught in the open. 

The absorption losses consist of — 

(i) Evax^oration, 

(ii) Transj^iration by i)lants, 

(iii) Absorj)tion by subsoil. 

The loss duo to eva])oration and transjiiration by j)lant8 will dex>end on the 
nature of the terrain, tomyjcrature (dry and wet bulb) of the air and wind, ami has 
been estimated to lie between 20 ]>er cent to 40 XH?r cent of the total rainfall. 

The loss due to infiltration into subsoil constitutes the x>rincopa] loss and is 
considered to dej>end on — 

(i) Temperature changes. 

(ii) Packing of the soil surface and in-washing of fine material to })ores and 

ox)enings in the soil surface by rain. 

(iii) Previously existing soil moisture content. 

(iv) Cultivation. 

(v) Perforation of the soil and subsoil due to various causes. 

(vi) Shrinking and swelling of surface soils, containing colloidal j^articles, 
X)articularly sun-checking of the soil surface during dry periods. 

For any jmrticular catchment this loss can be indirectly estimated, 
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Run-off. 

Rim-ofl’ is divided into throe classes — 

Siiriac(^ njii-olf is tha-t ])ortion of the run-off which travels over tlie soil 
.sm lac(i to th(^ ruuirest stream (ihamiel. A certain volume of water is required to 
provide the necessar\' (h^ptli to maintain surface nin-oft' and it is called the surface 
(h^tention. 

It is generally agreed tliat sub-surface storm run-ofl‘ occurs but its measurement 
is difficult. The inter -flow is that portion of the run-off whifdi j)ercolates tlirough the 
u])pcu' soil 1.0 the stnnims without first rc^acliing the permanent water-table. Interflow 
travels more slowly than does surface run-off. 

(Iround wat.(T tlow originates from the water stored beneath the ground water- 
tal)le. It is usually a continuous sourc e of stream -tlow throughout the yeivr. Even 
wluuo strc^iims go dry during the summer months ground-water tlow continues 
bellow tli(' channc^l bot tom. I’lie water-level in a streiim and the level of the ground 
water-tabhi at the streams’ edges are usually tlie same (see fig. 5). 



Fig. 5 


As rainfall percolates to the ground water-table, the elevation of the water-table 
is increased, and consequently there is a corresponding increase in discharge to the 
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stream. When the stream has (^rested and begins to fall below tlie level of the v'^atta*- 
table, the increase in ground wat(ir flow l)ecomes apparent. 

A further sourc-o of stream flow is ))re(a])it4ition over tlie channel itself'. 

Khosla has given an empirical rcla-fionahi]) connecting the mean monthly tom- 
jaa-ature ox]>ros.sed in degrees Fahrenheit and monthly evaporation (L^) in 

inches in the following form : — 


where T„ is>40"F. 

For 40°F'., he lias given the following figures as the evajxmit ion loss : — 

Tm .. .. 20^’ le^ ic \<\ 

Lm .. e-84 e-ve eaie o-.^e e-ie hidii's. 

The ( Torres] )ondiug rainfall {1\) and run-off (B^) relationship is expi'cssiMl in the 

iorm, R„ = P„~L„. 

Foi* Mahanadi river at Saanbalpur for the \car 1032 (catcliment area. 32,000 
S([uare miles), the following figures have been given — 


Montli 


J uly 

August 

Septombor 


Procipitu- 

Tt’inp. 

in°F. 

C'Hkiihit 4'd 

(.:al<'ula.1 f‘(l 

Af‘< uni 

t.ion in 

InsK in 

run-<dC in 

Burfacu ruii- 

iiwhcs 

inrlM.^K. 

inclioM 

nU’ in 

19-78 

80*9 

5 ir> 

i4'«:{ 

(1-77 

ll-O! 

82-3 

5-29 j 

5-72 

8-40 

11-25 

83*6 

5-43 

5-82 1 

5*C2 


Th(? annual ]»i’(‘<a])itation is 52*02 incluss, mean t(‘Tn]>crat nre 8(tl‘F., the 
calculated run-off is 201 7 inAies, while the ac^t ual is 25-78 ineh(\s. 

While as shown by Khosla tluux^ is g(uwal a.gr(‘aMnenl ladween the aamua.! va.lue 
ol th(‘. calculated run-off and the ob.sia'vod run-off , the va.}*iat ion b(d w( 4 ‘U t he montJilx' 
valuers is considerable. When applied to short, periods the relationship is mon^ 
complicated than the empirical one given by Khosla. 


Hydrograph Ayialysis. 

We have discussed so far the dis]>osal of the rain wafer u]) t o the t,im(^ it re^tches 
the stream-charmels. beha-viour of the*, ‘riin-off " after reaching the chanmds 

is an important fa,ctor in determining the resultant river stages, a,nd must he known 
fully for the ])urpose of jivcT-foreca sting. 

The method of building u]> the h\drogra]>h at. the head-waters l)y dividing the 
catchment int(j a large number of eijual sti*ij>s, from ca(di of whicli the storm water 
flows with a uniform velocity, and working out the discharge reaching thc^ head- 
waters at successive intervals of time is now well roeognizcKl. 

Fssentially the method is as follows: — 

Fig. 6 re])resent8 a hypothotic*al drainage basin, whi(ti has five sub-areas, marked 
1, 2, 3, 4, 5. The numbers indic^ate the length of time in da.ys required for a. small 
volume of water to travel from the sub-area to the outlet st ation at A . Fig. 7 re- 
presents rainfall at a stoad^^ 2 units jxu- hour for four days. Tlu^ run-off* from the 
sub-area is assumed to have the same pattern as the rainfall. Adding the run-offs 
from the sub-areas (each delayed by the time necessary to travel from basin to outlet) 
the outflow at A will appear as shown in fig. 8. Figs. 9 and 10 demonstra.f;e a similar 
process with a non-uniform rainfall-time pattern. These simple exam])l(5S show the 
tyj)ical shape of a hydrograph resulting from the variable time lociuired for water 
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to reach the out let from the different x>ortions of the basin. When the velocity of 
the surfaco ruu-off ovau’ the difforont strips is known accurately it is j)ossible to make 
a detailed mathematical analysis of the form of the hydrograj)}! which will result 
therefrom. A hydrogT*a])h is a ])lot of discharge at a station against the time of 
occuirronco. Wlien sucth a roctord is available, it is highly instructive to (^hec^k up 
the calculated hydrograph with the actual one. 



If the velocity of flow of water were the only factor influencing the sliape of the 
streamtlow hydrograjih the j>roblems would bo comparatively sim])le. The factor 
whi(!h introduces a t‘omi)li cation is the channel storage. Throughout the period 
of the rise, this factor has the effect of deducting a x^ortion of the flow. Fig. 11 
shows a hydrograj)h i'or Ma.hana.di river. Ea(ii hydrogra])h can be divided into 
three parts. The first part, the ascending limb, starts with the beginning of run-off, 
and extends to a jioint near crest, where equilibrium between inflow and outflow 
begins to be approached. The crest covers a ])criod during which inflow and outflow 
are in e(juilibrium. During this x>eriod, the aggregate flow from the various sub- 
areas is at its gre.atest valut). Included in the crest is a small portion of the descend- 
ing limb of the hydrograph during which surface run-off still occurs. The end of 
surface run-off is generally believed to occur at the x>oint of inflexion where the 
descending limb of the hydrograx>h changes from concave downward to concave 
ux>ward, the remaining jRirtion of the hydrograph rex>resenting only the outflow 
from the channel storage. Mathematically it can be shown that no such definite 
Xioint of change need exist- under all conditions. 

The analysis of the stream-flow hydrograxih is a x>reliminary to the development 
of forecasting procedures. It serves to determine the volume of run-off resulting 
from a storm, to separate that run-off into its comx^onents of (a) surface run-oflf. 
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Fig. 1 1 


{h) ground water run-off, and (r) interflow, and to (5sta,l)li8h (*ertain ])hysi(‘al ctharac- 
teristics of the stpeam under consideration. For Malumadi (‘atclimont divided into 
five strips, Mahalanohis has given the following figures 1‘or the velocity ol‘ surfac(i 
run-off : — 


►Section 

Lag ill 
hours 

Eiliiivaleiit 
disi ance 
from Naraj 
ill miles 

Average vet 

(‘it y of flow 

Miles ])(>r 
hour 

Feet ]ier 
second 

M— 1 

43. H 

96 

2-19 

321 

M- 11 

49 1 

200 

4-07 

6*97 

M- 111 

764) 

308 

t 4.05 

5-94 

M- TV 

80*8 

318 

3*95 

6-79 


loo-e 

408 

1 4-08 

1 

r>.98 


Excepting in M — 1, the moan velocity is of the order of 4 miles j>er hour. The 
comparatively low velocities of 2*2 miles ])or hour in M — 1 is explained by the fact 
that the gradient in this section is very smuill. With these figures, the h^drograph 
will have very neai'ly the form given in the illustrative example. 

Stream-flow separation. 

The simplest prot'.edure for sei)arating the run-off from a given storm is to draw 
a Straight line AC from the point of rise to the time at whi(*h the surfacti run-ofl' is 
believed to have ended. Another method is to extend the recession existing prior 
to the storm onward to a ])oint under the crest of the current storm and then draw 
a line to the time of end of surface run-off outflow. (ADC, fig. 11 .) 
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Reressifm On nwM. 

llio s()()anttion of stream How into its three eom]>onent8 or between two or 
closely spa(‘e(l storms requires more advanced ju'ocedures involving the use of 
recession curves. The recession curve expresses the normal sha])e of the falling 
limb of the iiy(lrograj)h. 1'ho ground wat.c^r liydrograph should be drawn below the 
total hydrogra])h and the surfa(^o nm-ofl‘ordina.tes (computed (total flow minus ground 
wat er Ilow) for the det(*.rmination of surface run-off recession. The recession curves 
obtaim^d in this manner should ag-ree with all otber recession of records for the basin. 
In other words, at aiu given flow, the rate of decrease of How is constant. This 
(‘C>ucej)tion ]>rovides another a))[)roach for the development of ixicession curves. 
Dui'ing periods of natural re(;ession, values of flow at any instant may be plotted 
.‘igainst the flow at a, fixed time la-ter (say 24 hours). 4110 ])oints thus plotted will 
tall on or nca,r a, smootli curves whicli (expresses tlie stream-flow rocc^ssion for the 
basin. It luis becai suggested that the recession ma.y be ex])ress(5d by the equation. 

Q = Qo- 

whore 0 (juals the initial flow and Q (?quals the flow at time t later and K is a 
re(‘(%ssion constant always h^ss than oni^. If this equation is true the recession will 
plot, as a st ra,ight line oi\ semi -logarithmic paper. 


Rrmr Forecasting Methods, 

We ]na.y divide- foreca-sting ]>robloms into two parts. Tlie first is the prediction 
of out-flow hydrograph of tlie Imadwater basins within the rivei' (iistrict. TIkj 
second is the task ol’ t?*anslating th(^s<^ flows from the lu^adwat.er stations on down- 
streams. This is (‘.xt i‘(nuely difficult/ work for any basin of more than 1,000 squan^ 
mile drainage an^a. 

For the jairpose of the forecasts wo recpiiro the rainlidl run-off relations under 
dillbront conditions. The c^oucejit of ruu-olf as a nunainder after the loss has been 
subtra(4(Hl from t lu^ la-infall lias been already discussed. If a correlation involving 
t he t otal loss (ra.infa,ll minus surfa(‘e run-off ) can be dovelo])e-d, the ])roi‘eduro becomes 
relativ(‘ly simpl(^. Ground water accretion may be subtractisd from the total loss, 
leaving a not loss consisting mainly of int(*.rce])tion, dejiression storage and soil 
raoistui’c loss(\s. A lew typical lainfall run-off rd a, tionshijns a.n^ shown in fig. 12. 

The rainfall run-off relal ion jirovidi^s the iiecessaT v fii'st stcj) for each forecast. 
The so(*ond sto}) is to distj'ibute the run-off* witli time according to the observed 
chara-cteristics of each individual basin. This is acconqdished by the a]>pli(;ation 
of tlm unit hydrogra[»h ])rinci})le, developed by vSherman, to each of the head- water 
areas, as well as to ea-ch of the ungauged local areas to the down stream reaches. 
Once the flows from (^ach sub-area of tlui basin are predicted, the final job of th(^ 
1'or(H‘astor is to combine these flows successively into forecaists I’or all ])ointB on the 
(hiwnstream. .F(>r ea.(‘h of our large river basins, these forocaisting relations will 
have t.o be develop(Hi by gT'aphical (-orrelations. 

All these calculations involves a forecast of the ex]Xicted ])recipitation over the 
catchment. This is determined by the com])utation of the expectation from an 
analysis of th(^ past rainfall data to whicdi is super])osed any rainfall anomaly deter- 
mined from an aivil.v sis of weather eharts. 

An analysis of tbe past, rainfall data enables one to say with an 80 per cent 
chance of success the limits within which rainfall will lie during any specified }>eriod. 
From the 00 years’ rainfall series, 1891—1950, one could woik out the frequency 
distribution of dineront rainfall amounts, for monthh' f)eriods, or fortnightly porkxis. 
Taking 80 per cent of t he area enclosed by these fretpieney curves (treated as pro- 
babilit}’ curvets) one ci>uld specify two limits, within which rainfall could be stated 
to lie with an 80 per cent chance of success. 
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Figs. 11^, 14 give the fnHjiioncy eurvos for the IMmodur and Mahaim-di catch- 
ments for rainfall of different intensities for each of the months oi' Jul>, August 
and Se|)temb(}r. From an examination of these curves one (;ouJd Hn,y witli an (uglil y 
per (^ent cham^e of succtess that in the J>amodar catchment, rainfaJl on any day in July 
will lie between 0*15 and 1-00, in the minith of August between 0*15 and 1 •()(), and in 
the month of Se])tember between 0-10 and 0-75 inch. Similarly for the Mahanadi 
c^tcliment, one could say with the same ehain^e of success that rainfall on any day 
in July will lie between ()-2() and 1-00, on any day in August between 0'20 aiicl 1-25 
and on any day in September between 0*20 and 0*75 incdi. 

Forecasts of this nature, which are based on analysis of past rainfall data (con- 
stitute standing forecasts. To this must be added any abnormality in the rainfall 
which can be deduced from an analysis of the current weather (diarts. 
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Fig. 13 


The correlations between rainfall in the catchment and the river discliarges may 
be utilized to work out j^rediction formulae. 

One such formula to predict the river stage 24 hours ahead has been given by 
Mahalanobis for the Maliuiadi cuitchment. He observed that in the Mahanadi 
(catchment, it usually requires at least 3 consecutive days of heavy rainfall to produce 
a flood and that it requires about 2*3 days for the rainfall to make itself felt at Naraj. 
We therefore take the total rainfall in 3 consecutive days ended two days previously, 
that is on the (p— 2)th day. The previous state of the river has also to be taken 
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Fig. 14 


into consideration, and tliis is done by taking the height of tlie liver at Nuraj ior 
3 consecutive days ending on the day of the forecast, tliat is, on the (j9~l)th day. 
We have the two factors — 

R ^ total rainfall in inches for a ))erio(l of 3 consecutive days ©ndo<l on tlie 
(/)— 2)thday. 

Q average height in feet of the river for 3 constH utive days ended on the 
( jp — 1 )th day. 


3 
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Tho following partial correlation coefficients were obtained. 

Between N (height at Naraj) and B (rainfall) . . 0455 ± -033 

Between N ( hei ght at N ar a j ) and 0 (gai igo) .. O-VTli OlG 

Between jB (rainfall) and G (gfiuge) .. .. 0-041 ±*040 

These give the following regression equation — 

N - l-54(i2)+0-67(G) +23-81 

where N is the ])re(li(4ed height at Naraj. 

The value of the multiple (correlation coefficient is 0-88, whicdi is quite high. 
This equation will allow individual forecasts to be made wiihin 1 -2 feet on an average 
for floods above 83 feet at Naraj. 

From the statistical analysis of [>ast rainfall data and river discharge data, 
similar jirodiction formulae can be worked out, and those are of groat value in river 
forecasting. 


Rainfall and Temperature Data for the differ eni river catchments of India. 

So far it has been the practice to com])uto the mean values, the bigbest and tbe 
lowest values ot the different meteorological elmnents for iho different political 
divisions of the country. 

The imtnral division of the country is, however, in terms of tho catchments of 
the different rivers. A maji of* the country showing tbe catctiments of tbe different 
rivers has recently been projiared by the (lontral Wafer Power Irrigation and Navi- 
gation Commission. A copy of this map is given as Front is]>iece to this ])ap<cr (Fig. A). 

The country has boon divided into six regions, and all catchmonls in eacli region 
has been serially numbered. This is rather an artificial (‘lassificat.ion. Eac-h catch- 
ment is defined by tlio number of tho region followed by its serial number. A more 
rational system of assigning number to each cat(;hment would be to take the 
value of the latitude in full degrees jiust south of* tbe (ratebment' followed by the 
value of tbe bmgitude in full dc^grees just wcvst of the catchment, and to take the 
fVnir figures to deline the ciitc^hment. Thus, for Damodar catchment the num})er 
would 1)0 2284. Whcui so expressed the g(M>gra]>hical co-ordinat.es ol'a,nv station in 
tho catc^bment c^an be represented by :r-, y, v hero 22 -{-.r and 84 + // are the latitude 
and longitude) of the station. 

For oac'b, of the river catclunents ] b.ad had the f ollowing elements calculated : — 

(1) Mean values of monthly and annual rainfall. 

(2) Mean values of monthly and annual temperature. 

(3) The highest and the lewdest ^adues of rainfall for each month and the year. 

(4) The highest and tbe lowest values of temperature for each month, and the 

year. 

These are tho basics data whicdi are essential for the hydrological studies of each 
of the catchments and are given in Appendices I, IJ, III and IV^. The catchment 
numbers in these tables are those given in the map in tig. A. 

Tho followiixg explanatory notes are offered in resiject of these appendices : — 


( 1 ) Mean monthly rainfall and the mmn annual rainfall for each catchment. 

Tho means are based on tho data of all rain gauges — (under the Meteorological 
l>epartment and Provincial Governments) in each latchment. The latest normals 
(the 1940) prepared by tho Meteorological Department from all available past data 
have been used. 
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(2) Mean monthly and annual temperatures for emh catchment. 

Mean temperature \ (mean maximum terai)eraturo -f Moan minimum tempera- 
ture) has been worked out with the data of the relevant observatoi*ios, for each catch- 
ment (1940 normals). For {catchments without any observatory, data of the nearest 
observatories have been used. 

(3) Highest and lowest monthly and annual temperatures for each of the r/itch nients. 

For oacch catchment the mean lomperaturt) for each moulb and yoai- lias btccii 
worked out from the observatories in or nea-r the catc^lnncut . 1'ho data for 30 yoiirs 
1911-1940, have generally boon used. The highest value for oadi month and year 
for these 30 values have })oen given a.s the highest value for the catchmoiit. A si mi hir 
procedure has been followed for picking out the lowest values. 

(4) Highest arid the lowest annual rainfall for each catahmeni. 

The data for the period 191 1-1940 (generally) of soloc.kxl joiucscutativo stations 
in oa(‘h (catchment have boon used. For each catchmont the moiithl\’ ami annual 
rainfall based on data of those stations wore worked out and the highest and lowest 
monthly and annual rainfall figures were jiickod out from these values. 
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Mean Monthly and Annual Temperatures {degrees Fahrenheit) for each catchment 
Catch mont Nos. refer to the map given in Fig. A 
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APPENDIX III 


Highest and Lowest Monthly and Annual Rainfall (in cents)* for each Calchmeni 
OatcJimont Nos. refer to the map given in Fig. A 
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* Por Kosi (4/16) lowest rainfall have been obtained as {twice Gandak value-f-Tista value) 
except- for annual figure where it is the same value as that of Gandak. For Brahmaputra 
(5/1), Subiinsri (5/2) and Ohonab (2/5) the values of loweat rainfall are taken as ^ of the mean 
rainfall for the corresponding months or year estimated earlier. 



APPENDIX III {conttnued) 

Highest, and Lowest Monthly and Anntial Rainfall {in cents) for each Catchment 
Catchment Nos. refer to the map given in Fig. A 
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APPENBIX III {cormnued) 

Highcfft and Lowest Monthly and Annnal RainfaU {in cents) for each Catchment 
Catchment Xos. refer to the map given in Fig. A 
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1379 

0601 

0406 

0216 

6776 

4 

08 

2 

0000 

0000 

0000 I 

0000 

0000 1 

0088 

0477 

0583 

0229 

0000 

0000 

0000 

2737 

4 

09 

1 

0287 

0380 

0177 

0192 

0243 

1128 

2363 

1986 

1694 

0480 

0309 

0231 

6233 

4 

09 

2 

0000 i 

0000 

0000 1 

0000 

0000 

0041 

0220 

0366 

0221 

0000 

0000 

0000 

2631 

4 

JO 

1 

0275 

0293 

0243 

0167 

0427 

1679 

2623 

2469 

2190 

0492 

0629 

0)46 

7678 

4 

10 

2 

0000 

0000 

0(K)0 

0000 

0000 

0176 

0471 

0496 

0163 

0000 

0000 

0000 

2644 

4 

11 

1 

0373 

0391 

0302 

0137 

0348 

1806 

2637 

2883 

1664 

0466 

0323 

0277 

7437 

4 

11 

2 

0000 

0000 

0000 

0001 

0004 

0110 

0468 

0661 

0232 

0000 
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0000 

.3611 

4 

12 

1 

0265 

0361 

0269 

0442 

1127 

1602 

2119 
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0606 

0421 
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4 
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0214 
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3433 
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13 
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0169 
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0291 

0249 
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6446 

4 

14 
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0000 
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0000 

0081 

0276 

0593 

0160 

0000 

0000 

0000 

3025 

4 

16 

1 

0278 

0310 

0288 

0211 

0688 

1862 

1994 

2292 

1697 

1153 

0316 

0212 

7007 

4 

16 

2 

0000 

0000 

0000 

0001 

0031 

0181 

0480 

0768 

0260 

0006 

0000 

0000 

3592 

4 

16 

1 

0350 

0409 

0510 

1226 1 

2624 

6214 

6031 

4417 

4206 

3463 

1134 

0233 

16367 

4 

16 

2 

0000 

0000 

0006 

0061 

0267 

1391 

0720 

1945 

1077 

0029 

0000 

0000 

11300 

4 

17 

1 

0094 

0207 

0365 

0671 

0672 

1989 

2711 

3432 

2327 

1697 

0629 

0131 

7704 

4 

17 

2 

0000 

0000 

0000 

0000 

0037 

0324 

0425 

0637 

0212 

0000 

0000 

0000 

3861 

4 

18 

1 

0203 

0221 

0468 

0723 

1733 

2436 

2626 

3306 

2103 

1342 

0421 

0172 

9479 

4 

18 

2 
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0093 

0416 

0761 

0656 

0261 
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3109 

6 

01 

1 
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1645 

1164 

0836 

0887 

1164 

1296 

1206 

0824 
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0482 

0636 

5963 

5 

01 

2 
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0024 

0066 

0132 
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0187 

0602 

0351 

0237 

0000 

0000 

0000 

4063 

r> 

02 

1 

0364 

0663 

1283 

1669 

2636 

4205 

4609 

3669 

4876 

2187 

0607 

0361 

18633 

5 

02 

2 

0039 

0063 

0049 

0267 

0619 

1621 

1 

1719 

1022 

1281 

0086 

0003 

0000 

11734 

5 

03 

1 

0307 

0430 

1033 

1481 

2642 

2776 i 

3357 

2636 

1491 

0927 

0292 

0284 

11126 

5 

03 

2 

0000 

0005 

0001 

0269 

0627 i 

0896 

0629 

0686 

0275 

0011 
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6211 

5 

04 

1 

0187 

0439 

0684 

1118 

1696 

2528 

2706 

1998 

1828 

1115 

0616 

0178 

10360 

5 

04 

2 

0001 

0017 

0049 

0231 

0670 

1146 

0966 

0820 

0664 

0093 

0006 

0000 

7664 

5 

06 

1 

0166 

0391 

0526 

0970 

1709 

4223 

4868 

39,56 

3480 

2440 

0662 

0261 

16761 

5 

05 

2 

0000 

0000 

0000 

0009 

0526 

10.35 

1632 

1296 

0933 

0012 

0000 

0000 

9620 

6 

01 

1 
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0273 
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APPENDIX IV. 



APPENDIX 
Highest and Lowest Monthly 
Catchment Nos. refer to the 


d 

g 

1 

January . 

February . 

March . 

April . 

May . 

June . 

ft 

1 

o 

Max . 

Miij . 

Max . 

Min . 

Max . 

Min . 

Max . 

Min . 

Max . 

Min . 

Max . 

Min . 

1 

01 

81 -] 

78-2 

81-9 

79-2 

84-0 

81*5 

85*5 

83*1 

84*9 

80*6 

81*7 

78*7 

1 

02 

79*4 

74*1 

78-0 

74-7 

82-5 

77-4 

85-1 

80-7 

87*1 

83*7 

84*2 

80*2 

1 

03 

737 

07-2 

77-1 

7 1-4 

85-4 

78-2 

91-3 

84-7 

93-9 

85*8 

92*5 

82*2 

) 

04 

70-3 

03-4 

74-1 

07-8 

82-0 

75-7 

89-7 

82-0 

93*2 

83*3 

92*7 

81*9 

1 

05 

70-9 

64-1 

74-3 

08-2 

83-1 

70*3 

91-3 

84*4 

93 1 

88*3 

89*4 

82*3 

i 

00 

73*3 

04-4 

75-7 

08- 1 

80-1 

70-0 

91*2 

84*3 

94-9 

86*1 

94*9 

87*7 

1 

07 

72*0 

64-4 

74-3 

07-0 

82-1 

74*3 

86*2 

81*3 

89*6 

84*0 

90*5 

85*6 

1 

08 

07-9 

58-8 

71-9 

02-8 

81-4 

71-3 

89-8 

81*4 

94-6 

83*3 

95*2 

87*2 

1 

09 

70*8 

00-8 

75-4 

05-2 

81-4 

74-7 

88*5 

82-2 

91-3 

85*0 

90*7 

83*2 

2 

01 

40-8 

36-5 

18-8 

37-0 

55-5 

44 7 

03*0 

51*4 

71-4 

57*1 

97*2 

63*1 

2 

01 

58-9 

51-1 

03-1 

55 - 1 

75-0 

04-8 

88-3 

74*0 

96-3 

82*4 

98*1 

88*0 

2 

02 

58-9 

51 -1 

03-1 

55-1 

75-0 

(> 4-8 

88-3 

74-0 

90-3 

82*4 

98*1 

88*0 

2 

03 

58*9 

51 *1 

03-1 

55-1 

75-0 

04-8 

88-3 

74*0 

90*3 

82*4 

98*1 

88*0 

2 

04 

57-4 

49*7 

59-4 

53-4 

72-8 

03-8 

81-3 

71*1 

92-0 

79-9 

93*7 

86-9 

2 

05 

60*5 

53 a 

05-2 

55-7 

70-1 

03 -() 

88-9 

72*8 

90-0 

81*2 

97*6 

86*1 

2 

00 

44*9 

28-0 

50-7 

31-0 

5 8 -.3 

43-0 

67-9 

52*1 

77*5 

62*6 

81-6 

69*5 

2 

07 

28-5 

14-4 

30-2 

10-7 

4 1 -0 

3 ( t -3 

5 1 -5 

41*2 

63-2 

48*9 

70*4 

69-1 

2 

01 

80*7 

77-0 

82-5 

77-9 

85-0 

81-5 

88-1 

84-9 

90-2 

84-9 

88*1 

84*5 

3 

02 

70-0 

72*4 

79-4 

7 i -(; 

83 - 1 

79-7 

80-1 

82*0 

87-1 

81-7 

84-1 

79*8 

a 

03 

77-9 

73-7 

79-9 

74-8 

83-8 

79-0 

87-2 

83-9 

92*9 

80*9 

92*3 

80-0 

a 

04 

79- 1 

73-4 

82-3 

77-5 

87-9 

83-7 

93-2 

87-0 

90-3 

89-3 

92*6 

85*8 

a 

05 

78-7 

73-1 

81-5 

70-7 

87-1 

82-5 

92*2 

80*8 

95-7 

89*1 

92-7 

85*7 

a 

00 

74-5 

09-3 

77- 1 

72-0 

82-5 

70*9 

SO -5 

82*0 

80*5 

81*3 

83*3 

77*2 

a 

07 

75-8 

09-3 

78-1 

72 - 1 

83-7 

78-3 

89-9 

84-1 

91*4 

84*5 

86*8 

79*1 

a 

08 

73-9 

07*8 

77-8 

70-8 

81-9 

75-5 

83-7 

78-4 

84*3 

75*1 

78*0 

70*7 

a 

09 

77*7 

70-7 

81-1 

70-1 

80-3 

81*7 

89-2 

85*7 

88*7 

80*0 

84*3 

79*8 

a 

10 

77-5 

70-4 

84-4 

71-9 

80-8 

81-8 

93-1 

84*5 

95*9 

87*3 

92-0 

81*1 

a 

1 i 

74-a 

07-7 

77-a 

7 1 -5 

84-5 

77-9 

91-9 

83*1 

94*1 

83*1 

89*3 

79*6 

a 

12 

77-7 

09-7 

80-1 

74-0 

87-4 

81-3 

93*0 

82*1 

93-5 

84-3 

87*7 

77*1 

a 

la 

77-5 

09-7 

80-3 

74-4 

80-9 

81*7 

92*7 

83*1 

98*5 

86*8 

94*5 

82*1 

a 

14 

74-0 

07-0 

78-4 

71-4 

85-7 

79-3 

93-2 

83*3 

98*6 

86*6 

96-0 

82*8 

a 

15 

73-5 

04-0 

74 -0 

05-7 

88-4 

75-9 

90-9 

80*7 

96-9 

81*6 

93*7 

81-3 

a 

10 ' 

71-7 

04-1 

74.8 

(> 8 -l 

82-5 

78-0 

88*1 

80**1 

94*4 

81-0 

89*2 

78*3 

a 

17 

72*1 

04-9 

74-8 

()S- 1 

82-3 

77-5 

88-1 

79*7 

94-4 

81*0 

89*2 

78*3 

a 

18 

75*4 

08-8 

77-7 

73-9 

82-0 

79-4 

80-8 

82*0 

90*7 

83*8 

89*6 

82*8 

a 

19 

09-9 

(> 3 -(> 

74 - 1 

08-0 

83-3 

70-4 

90*0 

82-1 

97*4 

85*1 

94*8 

80*1 

a 

20 

73-0 

07-0 

70-5 

72-8 

84- 1 

79-0 

89-3 

84*9 

92*8 

86*5 

92-0 

81*6 

a 

21 

69*1 

02-5 

73 - J 

60-3 

83-0 

75-3 

89-3 

81*3 

94*5 

83*3 

92*6 

80-0 

a 

22 

69-4 

() l -8 

72-2 

07-7 

81-8 

75-7 

89-9 

81*5 

93*5 

82*9 

92-5 ; 

81-2 

a 

23 

71*3 

04-2 

74-0 

09- 1 

84-7 

77-4 

91-7 

80*1 

93*0 

84*5 

92*6 

82*7 

a 

24 

08-0 

01-5 

71-0 

(> 0-8 

82-7 

74-5 

89*8 

82-5 

91*9 

84*0 

91*7 

79*8 

a 

25 

68 -i 

02-7 

72-0 

07-7 

S 3-1 

70-7 

89-3 1 

81*9 

90*3 

83*6 

88*3 

82*1 

4 

01 

60*0 

54-0 

04-0 

59-3 

75-7 

00-8 

87-7 

76*1 

96*8 

83*0 

96*0 

86*1 

4 

02 

64-6 

57-9 

07-8 

02-9 

79-7 

71-0 

91*0 

80*0 

98-2 

86*3 1 

98*7 ! 

88*1 

4 

03 

61-2 

53-8 

08-3 

58-0 

78-3 

07-5 

89-8 

77*3 

98*0 

83*4 

98*1 

87-3 

4 

04 

68-1 1 

00-0 

72 -(» 

04-7 

81-4 

73-3 

89*9 

81*0 

94-9 

82-6 

94*2 

84*3 

4 

05 

68-1 

59-9 

73-9 

04-4 

84-1 

09*0 

93-1 

82 *(i 

99*2 

85*9 

98*7 

84*5 

4 

06 

67*1 

57-7 

7(»-7 

02-5 

79-7 

70-5 

88-7 

79*7 

94-1 

81-3 

94*2 

85*3 

4 

07 

64*0 

54-8 

07-0 

59-2 

80-7 

70*5 

92*1 

79*3 

99*3 

84*8 

99*5 

87-3 

4 

08 

09 * 1 

58-8 

09-2 

04-0 

No-r> 

72*8 

90-8 

81*3 

97*4 

84-4 

97*6 

82*8 

4 

09 

63-8 

57-9 

07-4 

02-0 

79-7 

71-1 

90-3 

80*8 

97*4 

84*7 

96*8 j 

86*5 

4 

10 

47-1 

35-2 

48-3 

40-1 

50-5 

45*0 

63*6 

52*7 

69*8 

66*5 i 

71*8 ! 

60*1 

4 

11 

63-7 

57-9 

00-7 

02-3 

78*3 

70-3 

87*3 

80*9 

94*1 

84*7 

94*3 

84*1 

4 

12 

56*6 

47*9 

57-1 

51-7 

65-4 

56*1 

71*2 

65*1 

75*7 

89-9 

77*6 

74*3 

4 

13 

64-5 

59-7 

69-3 

02-0 

81-3 

72*3 

89-7 

81*8 

92*7 

84*7 

93-2 

82-8 

4 

14 

67*3 

57-8 

08-4 

03-0 

79-7 

72-5 

89*7 

81*2 

90-9 

84-3 

96*3 

84-9 

4 

15 

66-0 

00-2 

70-2 

05*4 

82-1 

74*6 

90*4 

83*2 

93-5 

81*0 

94-4 

83*1 

4 

16 

45-1 

37-4 

40-0 

41-3 

53-5 

44-9 

68*3 

51*2 

61-6 

56*3 

63*4 

59*8 

4 

17 

63-5 

58-8 

07-4 

02-1 

77-0 

70*3 

85*9 

78*8 

88*5 

83*1 

88*6 

82*3 

4 

18 

04-5 

59-8 

68-5 

03-5 

77-5 

08-9 

84-7 

77*2 

85*8 

81*6 

85*4 

81-3 

5 

01 

28-6 

16-9 

29-5 

23-3 

38-3 

20*4 

44-7 

34*1 

61 3 

40-9 

58*7 

47*3 

5 

02 

63-2 

68-0 

66-8 

01-9 

74*0 

60*4 

76*8 

70.9 

81*1 

73*9 

82*7 

78*1 

5 

03 

65*9 

60-9 

09-1 

64-9 

78-4 

70-5 

85*3 

74*1 

82*0 

77*0 

83*1 

78-4 

r> 

04 

64-7 

00-3 

68-6 

63-7 

70*2 

08*8 

80*4 

72*7 

81*9 

77*8 

83*5 

80*0 

5 

05 

66*2 

59-8 

68-4 

63-9 

76*2 

69*2 

81*6 

25*5 

83*2 

79*3 

84-3 

80*4 

G 

01 

63*0 

55-4 

68-5 

59-3 

79*6 

69*0 

90*2 

79-3 

96*8 

83*6 

97*1 

90*1 


IV 


and Annual Temperature (°F.) 
map given in Fig. A 


July. 

August. 

September. 

October. 

Novernbeu’. 

December. 

Annual. 

Max . 

Min . 

Max. 

Min . 

Max. 

Min. 

Max. 

Min. 

Max. 

Min . 

Max . 

Min. 

Max. 

Min. 

8 ()* r » 

77-3 

79-9 

78-9 

89-7 

77-8 

81-2 

78-5 

81-3 

79-2 

81-1 

77-3 

81-2 

79-7' 

85-8 

78-7 

81-1 

76-7 

8 M 

78-7 

84-3 

79-9 

83-7 

78-4 

89-3 

77-9 

81-2 

79*7 

84-0 

8 (»-l 

81-3 

79-4 

82-9 

79- 1 

83-7 

77-0 

77*5 

79-0 

72-7 

( i 8 -(» 

81-2 

78*9 

8.3-4 

79-1 

8 M 

77-9 

82-3 

78-3 

81-0 

75-9 

74-8 

08-2 

(59-1 

(54-8 

79-4 

70-7 

82-8 

78-7 

82-3 

77-7 

81-7 

78-7 

83-1 

77-7 

70-3 

71-7 

71-4 

(57 -.3 

SO- 1 

77-7 

89-7 

82-7 

80-3 

81-1 

89-4 

81-2 

87-4 

79-7 

8 (»-:{ 

71-4 

74-7 

(5(5-9 

83-1 

79-7 

86 - r ) 

82-3 

84-7 

81-1 

84-4 

89-3 

85-3 

79-5 

79-3 

71-2 

73-2 

(57-(t 

S(t-(5 

78-3 

90-4 

83-0 

87-1 

89-9 

89-7 

81-9 

84-7 

70-7 

75-9 

(50-4 

()S-3 

(5 1 - S 

SI -(» 

70-4 

87-8 

82-4 

87-3 

8 ( 0 (> 

87-4 

81-1 

80-5 

79-9 

78-8 

08- 8 

79-(5 

03- S 

81-7 

77-8 

07-1 

03-1 

04 -6 

01-7 

07-9 

79-3 

(59- 1 

53-1 

5.3-7 

47-5 

4 9-(> 

.39-1 

77- 1 

7.3-0 

94-0 

83-7 

92-0 

84-1 

89-8 

89-9 

8 1-5 

74-9 

09-4 

72-3 

(50-2 

74-(> 

78-9 

7.3-7 

94-0 

83-7 

92-9 

84-1 

89-8 

89-9 

81-5 

74-9 

09-4 

72-.3 

(5((-2 

74 -(5 

78-9 

73-7 

94-0 

83-7 

92-9 

84-1 

89-8 

89-9 

81-5 

7 1-0 

(59-4 

72* 3> 

(50-2 

74 *(5 

78-9 

7.3-7 

88-5 

83-7 

87-7 

82-3 

87-8 

89- 1 

78-3 

73-2 

(50-9 

(59-4 

78-7 

.73- I 

78- 9 

72-9 

9J-8 

83-1 

88-9 

82-3 

80-9 

8(0(5 

81-0 

71-4 

7! -3 

(52-4 

(51-7 

7;7-2 

78-. 7 

73 -(t 

82-7 

77-9 

89-9 

74-9 

70-0 

08-7 

(50-7 

79-0 

74-9 

4 7- (5 

47-7 

.3(5-7 

(52-8 

77-7 

74-4 

()0-(i 

73-7 

08-4 

00-<) 

79-9 

55-2 

47-0 

41-8 

28-8 

.31-4 

IK-S 

19-9 

47-7 

88-9 

83*3 

80-3 

83-9 

80-7 

83-4 

84-0 

81-2 

82-1 

79-4 

79-8 

77-(5 

8 1-2 

82-8 

89-4 

78-8 

8(»-4 

78-8 

89-8 

78-2 

KO- 1 

70-9 

77-7 

74-(; 

77-3 

71-9 
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By N. K. Bose, M .S(\, Ph.D., F.N.I,, Director^ River Hesearrh liv^titute. West 

Bengal, Cahntta. 

Summary 

To interpret the language of the Meteorologist and make it applicable to the specific use of 
the engineers, a new science has grown up, known as Hydrology. This science is the product 
of the present century called up by the demands of engineers dealing with multi-purpose river 
projects. When a river project deals with only one object such as irrigation, power or flood 
control, the problem is simple and can be dealt with easily, but with the combination of two 
or three of these objects the complexity of the problem incmasos and it becomes necessary to 
know not only the intensity and variation of rainfall throughout the seasons but also their 
correlation with nm-off and river discharge. 

The incidence and distribution of rainfall over a catchment have been a subject of intensive 
study with the meteorologist for the last century, while the observations of discharge of river 
have been of a very recent growth. The technique of these observations is not yet fully developed 
and has to bo crude in mtuiy cases due to the difficulties of the terrain. Hydrology has boon 
mostly concerned in recent years in developing in two directions, increasing and improving the 
teclinique of its own observation and secondly, correlating its own data with those collected by 
the meteorologist. This has not always been easy. 

The correlation between tlie rainfall and the run-off, that is river discharge, is clear enough 
even to a layman . But for engineers charged with the duty of designing struclnros across such 
rivers something more definite than the layman’s statement is required. Hence we have siicli 
empirical formulae as those of Dickens, Ryves and Inglis based on Indian records, of Fanning, 
Murphy, Cooly, Kuichlug, Brunner and Hermann based on the gauging of American rivers. 
Considering the very nature of the problem such attempts at generalization are likely to be 
misleading. 

In recent years attempts have been made from the theoretical side to correlate rainfall with 
run-off. Of those the method of ‘Unit Hydrograph*, first introduced by Sherman in 1932 and 
developed by otliors, has been one of the most successful. Zoch has also tried to work out a 
syr thesis of Flood Hydrograph mathematically. 

Besides these attempts at correlation between rainfall and run-off, the other line along which 
the activities of Hydrology have been mostly directed has been in tackling the problem of ‘Silt 
Movement’ in rivers. The factors that tend to increase the supply of silt and sand in rivers 
have been studied carefully and attempts are being mode to control these. Methods of land 
management and erosion have also been improved. 

The technique of measuring stream flow and silt charge had been crude in the beginning 
of the present century and demanded considerable improvement. The collection of basic data 
for the planning, design and operation of multi-purpose dams, is of great importance and 
requires to be presovered with great efforts and precision. 
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Introduction 

The previous speaker has disoussed the various aspects of rainfall, its incidence, 
its distribution in area and time and its forecast. He has in fact told us how far the 
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Scienco of Mof ooroJogy can holp the Enginoerfi in designing, constructing and operat- 
ing a muUi-])inj)OHo river project. But to interpret the language of the meteorologist 
and muk(5 it a])plicah]e to the specilitt use of the Engineers a new science has grown 
u]> known as Hydr ology. This S(uenee is the product of the present century called 
up by the demands of Enginoors dealing witli multi-purpose river projects. When 
a river j)roj(ict deals with only one object such as irrigation, grower or flood control 
the ])roblom is simjrle; but with the combination of 2 or 3 of these objects, the com- 
])ioxily of the |)ro})lem iiK^roased. It bocamo necessary to know not only the run-off' 
disc*harg(ns, tlieir intensity end variations througlioiit the seasons but also their 
(iorrelation witli l aiufall. The inc idence and distribution of rainfall over a catchment 
has been a subjoed; of intensive study with the Meteorologist- for the last half a century 
whiles the observations of discjhargc^ ot rivers have been of very recent growth. The 
tech.ni(}ue ol these obscii vations is not yet fully developed and has to be ca*nde in 
many cases du(‘, to the difliculties of the terrain. Hydrology, therefore, has been 
mostly concerned in loccuit years in develoj)ing iix two directions, increasing and 
im])roving the tec^hnicjue of its own observation and secondly correlating its own 
datca with those collectcid by the Meteorologist and gaining thereby from their longer 
experience and intensive studies. Meteorologists devil with a series of natural pheno- 
menon that a-rc^ more amenable) to scientific treatmoiit while Hydrology is (‘oncerned 
with occ'urrencos that are controlled by natural c ircumstances whoso effocts aro so 
varying from ])lace to j)Ijuc 5 and time to time as to be almost unpredictable. 


Rain FA IX add RarN-oFF — R un -off Ratios 

To illustrate my point I will citn u. few cases ol’ rabifa-ll over tlio difteront arefis 
of the ])amc>da.r Valley and their elfcM*ts on tlie river flow and silt charge during 
diflerent part s of the ycvir. d’lu^ cc)mj)lete information has been given in Ap])endix 1. 
It will he seen from this that the ruu-ofl' porc*ontago is very small for pre-monsoon 
prc)ci[)ita,ti<>n :iud very ( ojisiderahlo for tlie mid-monsoon prcMupitation, while for 
the [)oat -monsoon the run-off ()ercc>ntage is of the medium order. Not only arc^ 
there scvisonal variid ions I’rom ])re-mousc>on i-o mid-monsoon and after monsoon, 
tluu'e iire varinfions IVoni storm to storm. Wo know if a rain storm is preceded by 
a low (biys ol’ light dri/./les, the nui-ofl' ratio can go u]> very higli, wliile a dry spcdl 
everi in mid-inonsoon mav alfeif vuu’v cousiderahlx' tlxo run-ofl’ ratio for rain storm 
oi’ tlie same intensit-y. 

Further]- tlie efleef of the terrain on the run-off ratios is very jxronounced. Even 
in sucli a. small c-at vliment as that- of the Daraodar (7,000 s(|uare milc^s) the rim-off 
ratios from t he different suh-c*atc‘hmcnts as those ol' Usri at (Hridih (350 scpiare miles) 
Konar at Konai- Bund (500 s<piare milc^s), Damodar at Ramgarh (1 ,250 square miles), 
Barakar at- Barbee (325 stpiare miles) vary very considerably. Tlio diff'eroncx) bet- 
ween thc^ run-off latios of the river Hamoda.r at Ramga.rh where the catclxment is 
yet unoccaipied h\ man and fulh wooded, and tliat of the same river between Ramgarli 
and Sudamdili an ai’ea lully occupied by active coalfields and badly deforested is 
remarkable, further t he amount of silt charge (tarried b}' the river at these two 
})laces is also a.n index of the amount of erosion that is going on in these two catch- 
ments. I nef dent all y these figures of run-off ratios and silt charges should serve as a 
pointer to us that- unless proi)er procviutions are taken the ii})per valley will very 
soon degenerate to the same stage as that of the lower valley with the development 
that is likely to follow the activities ol’ the Damodar Vallc=)y Corporation. 

In view ol’ the uncertainty and variations mot witli while determining the values 
of run-olf ratios for diff erent- areas and different storms attemi)ts are being made by 
the Hydrologists of the U.S. Bureau of Reclamation to assess the rates of infiltration 
and retention in a river valley with the help of a detailed knowledge of the nature 
of the sub-soil iu the aiea and also with a few infiltration and retention tests in diffe- 
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rent parts of the valley. These tests coupled with a careful study of the nature 
of the soil provide them with sufficient information about the base flow and run-off 
ratios that could be expected in the area. 


EiJ N - OFF AND Rive h 1 )lso i j a rg e 

The correlation between the rainfall and the run-off that is river discharge is 
clear enough eveia to a layman, Tt does not require a scientist to say tliat if there 
is rainfall in an area, the river gauges will go up. But for engineers c^harged with 
the duty of designing structures across such rivers something more definite than the 
layman’s statement is required. Hence wo hav(^ such empirical formulae as those 
of Hickens, Kyves and Inglis based on old Indian records, Fanning, Mnrjfliv, Cooley , 
Kuichling, Brummor and Harman basiKl on the gauging of American streams. All 
these formulae involve only the anui of the catcliment raised to different [>owers and 
the (constant is generally given a range within wliicli it is supposed to vary. These 
formidae are of the type 

Q \ B 

In some other formulae attem])t-s have Ix^en made to inc^orporate other factors sucli 
as Rainlall Intensity and river slope and to vary the constant with the extent and 
nature of the (uitchment. Less ambitious but more ])ra,ctical engineers have been 
content with figures of run-off* j)cr square mile of (.atdiments confined to (certain 
specific localities, such as Addams Williams or T. A. Curry's figure for Bengal. Simi- 
lar figures ap]>li cable to very localized areas are also often met with in diffei’ont 
parts of tlui world. They serve the local needs. Att6mj)ts are very often made to 
generalize these local formulae and evolve a universal one. Considering the very 
nature of the j)roblems such attomj>ts are likely to be misleading and an) to bo 
doy)roeated. 

In rec^ent years attempts have also been made J’rom the theoreticuil side to c‘or- 
relate rainfall with run-off. Of these t.ho method ol‘ ‘Unit Hydrogra])h’ first 
introduced by 8herraan (1932) and deveio])ed by others liave been most successful. 
The basic idea oft his method is that every river witli its catchment' area foim a unique 
system for which if a discharge-hydrogra]>h oun be worked out for a c'crtain unit 
precipitation during a certain unit time then it should 1)0 possible to cah'ulat© the 
discharge hydrogra])h for rainstorms of any magnitude within any units of time. 
This indeed is a powerful wea]>on and has already ])roved its worth in many cases. 
(8oe Appendix II.) 

Zoch (1934, 1936, 1937) has also tried to work out a synthesis of flood hydro- 
graph mathematically. The determination ot a mathematical oejuation to req>resent 
observed stream flow hydrograph has been attempted in two ways. One approach 
is by fitting a mathematical curve to the observed data and the other })y exj)laining 
the underlying ideas and observational fa.(;ts from which tlio comj)lote solution of the 
stream flow problem can be obtained in the sense o f mat homatical physics. Complete 
solution of the general case has not as yet boon obtained. (Appendix III.) 


8ilt — Soil Erosion 

A river in spate not only brings down enormous volumes of water, it also trans- 
ports, in very considerable measures, silt and sand from the upper reaches of the 
valley. These are the immediate outcome of the deforestation and denudation 
of the upper area accompanied by heavy soil erosion and gulley formation. In 
their turn these silt and sand charges deposit in the river bed as the river enters the 
flat planes and thereby raise its level. A delta is formed, the oa})acity of the river 
is reduced, the flood levels are raised and flooding occurs at a much lower stage. 
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To control this chain of action, it is certainly preferable and more efifective 
to strike at the root of the cause, deforestation and denudation of the upper reaches 
than to try to stop flooding by erecting embankments and levees along the lower 
roach where actually the evil efiects manifest themselves. A combination of the two 
methods is very often necessary depending on the nature and extent of the trouble. 
This aspect of the problem will be dealt with by other speakers. For the ‘Hydrolo- 
gist ’ it is necessary to stress on the importance of measuring silt and sand charges 
carried by the river and also to determine how they are affected by weather, terrain 
and methods of measurement. For the preservation of the useful life of a reservoir, 
it is very necessary to deal with this charge of silt and sand brought down by a river. 
There are various devices to do this. Sluice gates are generally provided at different 
levels on the body of the dam to deal with different grades of silt and sand charges. 
A more recent method has been that of the use of the ‘Density Current’. 


Measurement of River Discharge and Silt Charge 

The technique of measuring ‘Run-off and river discharge’ is of very recent 
origin and is at present far from very accurate. As against river flow measurement 
river levels had been observed from very olden days. Man in his own safety noted 
( arofully the highest flood levels. Though those gauge readings served very useful 
purpose in their own way, yet they were not sufficient when rivers had to bo con- 
trolled or hydrauli(; structures were to be put up across them. In Italy where rivers 
had been ])ut to the services of man from very early days, river gauging though in 
an elementary way had been practised quite extensively. Of late the necessity of 
accurate river gauging had been felt very acutely in the U.S.A. a land of very fast 
developing industries. The loss to human lile and propeify that follow in the wake 
of devastating floods, becoming more and more frequent and intense with the rapid 
industrialization of the banks of the rivers, has drawn the attent ion of the Engineers 
to the necessity and utility of setting uj> very ac^au ato and elaborate gauging stations 
all along the river valley. Those stations not only road water stages and discharges 
but also measure silt charge, and temperature. With the possibilitj^ of the estab- 
lishment of varioifs factories and manufacturing concerns on its banks, these stations 
are now required to assess some chemical characteristics of the river water also. 
Those river gauging stations are now as useful and permanent adjuncts to any river 
juoject as the meteorological ones. They should be set uj> and maintained with 
the same order of thorougliness and efficiency because the plaruiing, designing and 
operation of the whole proje<;t, nay, its very success depend on the accuracy and 
sufficiency of the hydrological information supplied by these stations. It is indeed 
a very short-sighted policy to deal with this fundamental aspect of ‘Hydrology’ 
in a stepmotherly way. A well organized Hydrological section should be set up 
as soon as a River Valley Project is taken uj) for investigation. Though tliis section 
will not l)ear direct revenue, yet its indirect benefit will exceed many times the 
direct benefits of any of the operational sections of the Project. 

I will now close with the remark tliat ‘Every River is a Law unto itself ’ and 
‘ Hydi’ology ’ whic^h is the Science of River Behaviour will have to study every 
river individually and intensively before any detailed project on the development 
of the river and its valley can be drawn up. 
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Appendix 1 

Note on the variability .study of the Surface fUni-off Ratio for different catch 7 ne?iLs of 

Damodar 

1. An examination of tlio variability of the surface run-off ratio with the 
different stages of tiic monsoon over the Damodar (catchment reveal a generally 
increasing trend in the ‘ratio’ from the jjre-monsoon to the immediate ])ost-monsoon 
period, to a certain maximum for the ratio. And perha])s, as we rcc^ede further 
from the immedito post-monsoon stage the rati^) falls off' gradually tf) reacli a mini- 
mum in the j)eriod just preceding the next monsoon. 

2. Probably this maximum state lor the run-off ratio is attained when: — 

(i) The steady stage for infiltration is reached. At this stage the rate of 

infiltration is exactly equal to the rate of the internal drainage, that 
is, the soil is com])letely saturated with water; and 

(ii) there remains no extra ca])acity for the cat(;hmcnt area to retain water 

in storage as surface ]>ondago. 

,‘1. d’lKi trend is apparent from the graph shown for Barakar (Asansol) in Fig. ! . 

4. Besides being subjected to fluctuations of this seasonal type which is most ly 
due to soil moisture and surface' ]>ondage, the ratio is gre^itly aftbetod by intonsit^', 
rate of rainfall and its distribution over the catchment. 

It has not been ]) 08 sible to eliminate com])letely the effect of these latter factors 
or to isolate the observations of rainfalls on wffaich the run-off ratios are based to 
the same degree from the efft'.cts of preceding rainfall. These have introdu(;od 
irregularities besides the chance errors to which any observational data, is subject. 

5. The silt intensities for pre-monsoon period were not obtainable. Thc^scj 
obtained do not show any definite trend in the stage of the monsoon. But for a 
single 1 ‘ainfa.li the silt content secmis to be higher during early ])oriod of the 
discharge and gradually diminishes. 
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Appendix II 

The Unit Hydrograph as a Tool for Analysis of Surface Rmi-ojf 

The concept of the unit hydrograph was first introduced by Sherman (1932) 
and later developed by different authors into a useful and efficient tool for the analysis 
of surface run-off. The unit bydrograph may be defined as ‘the hydrograph result- 
ing from the total run-off of a uniform one inch rainfall over the entire catchment 
occurring in a single unit of time and isolated either ways with respec^t to time (that 
is, neither j)recedod nor followed by any other rainfall whose run-off might overlaj) 
the run-off from this rainfall). Morrill Bernard (1935) modified this as the distribu- 
tion graph giving the distribution of the total run-off in different units of time given 
in percentages. 

The principle of the unit hydrograph is based on the following assumptions : — 
(i) that the duration of the run-off from any rainfall over one unit of time would 
be the same irrespective of the magnitude of the rainfall; (ii) that the time distribution 
of the run-off would be in the same proportion for every rainfall, that is, the pro- 
portion of the contributions of the run-off on the successive units of time would 
remain the same ; and (iii) that these contributions to the run-off from rainfall in 
different units of time would be summable, that is, should be added together to get 
the resultant run-off. 

A direct advantage of the principle of unit graph is that by a judicious applica- 
tion of it, the run-off liydrograph may be predicted from the rainfall records. The 
only uncertain factor contributing to the inaccuracy in the application of this prin- 
ciple is the run-off ratio or, which is practically complementary to it, the infiltration 
index whoso determination is difficult and inexact. 

For the derivation of the unit hydrograph it is necessary to search the rainfall 
records for an ideal rainfall, viz. isolated rainfall in a single unit of time, sufficiently 
high and fairly uniform o ver the catchment. The derivation is shown in the following 
table. 
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The base flow in column (3) is the flow as it would have been in the absence of 
this rainfall, increased by the contribution due to gi’ound water flow. Column (5) 
gives the percentage distribution of the net run-off of column (4). The total q of 
column (6) is obtained by working out the rate of discharge if one inch of rain over 
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the entire catchment runs off totally in one unit of time (which would be sum of the 
ordinates of the unit hydrograph), and then distributing this over different units of 
time according to the percentage distribution of column (5). 

For a rainfall giving a total run-off of x inches the run-olf hydrograph is obtained 

by multiplying the unit hydrograph b 3 ^ that is, rainfall 

on different days those run-off’ hydrograj>hs obtained fiom them would have to be 
superimposed to give the total run-off }yydrograj)h. 
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Appendix Til 

The Mathematical Synthesis of Flood Hydrograph 

Determination of mathemati(‘al equations to represent observed stream flow 
hydrograph (^an be attempted in two Avays. Oiu^ a])])roach is by fitting a mathe- 
matical curve to the observed data and the other by exjilaini ng the unde living ideas 
and observational facts I'rom which the (jomplete solution of the stream flow 
problem can be obtained in the sense of mathematical ])hysics. C'omplete solution 
of the general (^ases have not yet been obtained but the characteristics of some of 
the 8im])lcr cases are explained here. 

Of the various fact ors like rainfall, run-off, discharge, infiltration and the internal 
drainage whicii goveu^n the stream flow, dejieiKhible and considerable amount^ of 
data are available only for rainfall and discharge. Hence th(^ ])rinciples have been 
deduced entirely from the observations of the discharge. 

When discharges following rain artv plotted against tim(’> on a semi -logarithmic 
paper the shape of the rising position of the liydrograph is not ver;v' ajijiarent but in 
two cases the falling ])ortion of the hydrograph follows a straight lino: — 

(i) Shortly after the peak discharge following a rain which was sufficiently 

heavy to cause a relatively large run-off or a light rain coming near 
the end of a long wet spell; 

(ii) After a long dr>’ sjielJ. 

In the first case the hydrograph when ])lotted on an arithmetic paper is asym- 
ptotic to a straight- line Avhieh represents the dischurgo at the beginning of the rain, 
in the second case it is asymptotic, to the straight liiK' whicii ro]>resents the zero dis- 
(iiarge. From this it is found that Avhen the distiiarge is f)rimarily due to run-off 
or primarily due to internal drainage, it is a simple exponential function of time for 
the falling portion of the hydrograph, and so are tiu'. corresj)onding rates of run-off’ 
and tlie internal diainage. 

Further analysis of the exponential function ol the rate of run-off shows that it is 
])roportional to the depth of water remaining with the soil, and this is the basic 
assumption for solving stream flow juoblem. 

For the simplest stream flow, the drainage area, tlie rate of rainfall, the duration 
of rain, the velocity of w^ater and the capacity' of the soil are assumed constants 
for a particular i\‘itchment and rain. The distinction botw'^een the discharge due to 
run-off and dis(4iarge due to internal drainage is ignored. In such crises the hydro- 
graph for a very small drainage area consist of twa) jiarts — a falling part after the 
rain stops, which is a simple exponential, and a rising part which is comi)lementary 
to the falling part. For appreciably* larger area in this simplest ca^e when the rain 
lasts longer than the concentration time, the hy^'drograph generally consists of four 



N. K. BOSE; HYDROLOGY 


429 


sections. For each one of these four sections a distinct mathematical equation is 
necessary to express the discharge as function of time>. The four sections being: — 

(i) A r(fkcentration curve. : — The concentration c ui vo extends from the 

beginning of the rain to the concentration time, that is tlu^ time when 
water from tlie sourc^e first roaches the gauge. 

(ii) A satvration curve: — This extends from the concentration time till the 

rain stops. This cairve tends to become a straight line as the rate of 
run-of[' gradually a])proaches t he rate of raintall, 

(iii) A travsitiov curve : — This extends from the end of the rain until ii time 

ccpialling the sum of the concentration time plv3 ttu‘. duration of the 
rain. During this interval the peak of the hydrograj)h occurs. 

(iv) A (lepUtion curve : — This extends from the end of the transition interval, 

until an infinite time later (theoretic^ally). This depletion curve is a 
simple ex})onont ial fumdion. 

When the duration of the rain is less tlian the ooneontration t ime, the hydrograph 
again consists ol’ 4 sections witli certain modifications. The ( onc*ontration time 
extends only u]) to the end of the rain, instead of saturation curve we get a curve of 
slow rise extending from the end of‘ the rain to the concentration time, and range 
of the transition curve changes. If the duration of the rain is exactly equal to the 
(concentration time thoixf he hydnjgrajdi consists of but 3 sections, that is, the satura- 
tion (curve is altogether a-bsent. Tn two si)e(cial (^ases, the hydrographs even for 
large catchment ai'ea havxc only two sections: (i) when the duration of the rain is 
practically very short (thcorcti(cally zero), (ii) when a storm moves down the stream 
with a s])eed exact ly equal to the velocity <jf water in the stream. 

The solutions have been ()l)tained for drainage areas with regular shapes, 
these (can easily be extended to the cat(chments of irregular shape ami the varying 
rates of rainfall may also be considered to a (certain extent. Although, this solution 
for the stream i\ow probhnn for the simplest case is only an a|)proxiraation to the 
condition found in nature it is broader than any ernjhrical method and indicates 
the approach to the general solution. 
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Survey of India, Calcutta. 


Summary 

The paper outlines the principal ways in which the geologist is concomod with multi-puriiose 
projects. The reconnaissance investigation of river catchments for selection of dam sites is 
illustrated by work done on the Kosi and Nayar rivers, whicli are in regions of complicated tec- 
tonics. The necessity for detailed investigations by moans of tvumols and borings is discussed 
with particular reference to the Marora dam site on the Nayar river. The investigation of raw 
materials for construc'tion, such as cement limestones and sources of aggregate, and the exami- 
nation of reservoir basins for leakage and the flooding of mineral deposits, are then outlined 
with examples from tlie Kosi, Ramganga and D.V.C. projects. The paper ends with a discussion 
of economic potontialiiios of areas around projects, and the long-term planning which should 
be adopted before reconnaissance investigations are followed by detailed and costly exploration. 
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1 . Introduction 

Engineering Geology may be defined as the application of geological principles 
to engineering problems. The field is obviously a wide one, because all civil engi- 
neering projects are founded on materials which have been formed by geological 
processes, and are constructed of materials which are either rock or derived from 
rocks. It is evident therefore that civil engineers should have some knowledge 
of geology, wliile all geologists concerned with civil engineering projects should 
understand sometliing of the structural problems involved. In general, however, 
the type of geology taught to engineering students is inadequate for a full under- 
standing of the often complicated geological considerations which arise, for example, 
in dam foundations and the broader asj^ects of project work, while geologists are 
certainly not in a position to discuss design, except in so far as it may be possible to 
indicate that a certain typo of design may be unsuited to particular geological condi- 
tions. Although there is certainly some overlap of functions, the broad fields of the 
individual specialists are distinct enough, and it is thought desirable to stress that 
it is better to distribute specialized functions into those proper to engineers and those 
proper to geologists, rather than that either worker should attempt entirely to 
assume the combined functions of both. What the training should do is to enable 
engineers to appreciate the type of foundation problem involved and advice required, 
and to call in the right type of specialist. The geologist should, in his turn, learn to 
anticipate the nature of the data which the engineers require to be expressed in 
terms capable of translation into engineering practice. 


1 PubliHliod witli the permission of the Director, Groological Survey of India. 
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Taken in its widest sense, gecjlogy applied to engineering projects includes 
virtunlly the whole field of the science. A project comes within a particular geo- 
logical t(‘rrain whicli, if not already regionally maf>pod by the Geological Survey, 
should be studied in sufficient detail to provide a broad picture of the location and 
strueture of the diff’ennit formati<ms present, the seismic stabilit^r, mineral poten- 
tialities and erosional (‘hara(‘t eristics. Partirailar reaches of the rivers must then 
be mapped in greater d(dail in order to locate possible alternative sites for the align- 
ments of dams, the elimination of unsatisfactory sites, and the availability of raw 
materials with which the dam (‘an be const ructecl. A decision must then be reached 
by more detailed study as to the geologically most favourable alignment wliich is 
freest from visible structural defects and b(\st situated with regard to construction 
materials. These materials must be submitted to microscopical and other tests. 

Once the superHcially most favourable alignnuuit has been selected, detailed 
exploration follows by means ol borings and tunnels, and the information thus 
obtaimnl has to be plotted and interpreted so as to ])iovid(' an estimate of excavation 
required to reach foundation grade, and th(‘ zones of weakness wffiich will lequiru 
special treatment. 

In addition the quest ion of leakage from th(‘ i eser voir basin has to be consid(‘i‘(‘d, 
and an assessment must lx* made regarding minerals of potential economic value 
that might be submerged Finally, the ])roblem of the distribution of minerals 
of er'onomie value in tin* ai’ea ai'ound the Project should be considered in regard to 
their possible utilization, the absorption of hydr’o-electric power developed, and 
improved communications and rnivigation. 

A f(‘w exampl(‘s of t h(‘S(' aspects of the worh of the geologists arr* now given from 
the experien(3e whi(*h wt have gained in Indra. It is not jiroposed to enter into 
details of foundation exjrloration, wdiieh «u*e ot mor’c specialized inter’est and not 
suitable in a Symposium of this type. 

2. Rp]oioNAL Geology and Dam Sites 

The Kosi riv^'er flow's through what wuh geologi(‘ally unknown terr*ain (‘xcejit 
for a single traverse made 16 years ago through the eastern part ot the catch- 
ment in connecjtion with a study of the effects of the Bihar-Isicqral earthquake. We 
were for*tunate on entry into Kejial in 1946 to be able to id(*ntify certain formations 
from previous expeihuu e in the I)arj(*eling and Kumaon Himalaya. The first two 
visits, each lasting a day, were sufficient to determine' the major rock groups and 
basic tectonic structure, involving two major overthrusts (Auden and Dutta, 1946), 
but a much longer time wxmld have been required had routine geological surveys 
not already covered considerable parts of the Himalaya and rendered comparisons 
possible (Middlemiss, Wc'st, Auden). 

In regard to the seismic instability of the region there were available three 
published Memoirs of the Geological Surv('y on the Assam (1897), Dubri (1930), 
and Bihar-Nepal (1934) eartlupiakes, and also the results of geodetic work carried 
out by the Survey of India. These studies are sometimes regarded as academic 
pursuits wffiich should not be fost(*red by Government Departments w4iose activities 
ought to be devoted to the welfare of the people. In actuality, such fundamental 
knowdedge gained from regional geological mapping, geodetic work, and seismic 
observations, are extremely relevant to the feasibility of projects. It was necessary 
to em})hasize that the Kosi dam site is located only 72 miles from the epicentre of 
the Bihar-Nepal earthquake of 1934, and must have been close to the epicentral 
regions of the 1863 and 1833 shocks. The 1934 shock set many landsli])s in motion 
within a few miles of the site (Dunn, etc., 1939) 

An alignment for the dam w^as provisionally selected at the third vinit made in 
1946, after which detailed studies began by means of diamond drill borings and 
tunnels. As a consequence of these investigations, certain major slate bands were 
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located, particularly oh the left abutment. To avoid these, and to conform more 
with the hydrodynamic disposal of the spill water, the original alignment was slightly 
shifted with a small rotation in December 1948. At present 13,600 feet of tunnels 
and 9,500 feet of borings have been made, and a hiir indication has been reached 
about th(> depth to foundation grade on the abutments. Excavation will have to 
extend for an average horizontal distance of 150 feet from ground surface on the 
left abutment and 200-250 feet on the right abutment above river leveL The 
under-river exploration has not yet been fully carried out, since the ])ossible 
structural defects present in the pitching and ste(?ply dipping folds of tlie dam 
quartzites and slates do not permit of ready correlation by means of vau thwd holes. 
It is now proposed to drive horizontal holes from shafts located on the banks. Tlu^ 
conclusion is that the site is very likely to be feasible but that considei able excava- 
tion and treatment will be necessary. 

The basic geological structure of the area around tlic Marora dam site, (larhw al 
District, Uttar Pradesh, was known from regional surveys carried out in 1887 and 
1936-37 (Middlemiss, Auden). Such traverses, covering thousands of square miles, 
cannot enter into geological detail at every point, and rcconiiiassaiK^e work done 
in 1 943 at the actual site of the dam in the Nayar gorge showed that tliere^ is a compl(‘x 
system of divisional planes intersecting steeply dipping quartzit es and slates, which 
included bedding, cleavage and two sets of joint planes. The combination of t hese 
planes created a condition on the right bank of potential liability to slipy)ing. But 
no major fault was deciphered along the river. Tunnels and borings pjoved, however, 
that a major fault zone, concealed on the surlVice, cuts the left bank under covcir of 
talus and continues downstream and uyistream below river gravels. The actual dis- 
placement is not (considered to have Imeii great, but tlui fault zonehasan average^ 
true thickness of 80 feet, and is filled with clay gouge and highly sheeted and crumpk'd 
slates. Tunnels on the abutments also proved that there is a system of satcllitt' 
fault zones parallel to the main river one, filled with clay gouge. Neither at Marora 
nor at the Kosi dam site are the conditions found to improve materially towards 
the ends of tunnels 400 feet in length, and the system of faults and shears has been 
found to be symptomatic of persistent, what may be called, meso-tectonic planers of 
movement developed by the mega-tectonic overtlumsts found in both regions. 
Furthermore, both at Marora and Kosi, open vertical slump cracks due to 
gravitational settlement persist for considerable distances into the interior of th(‘ 
mountains sides. 

The Marora dam was to have been a concrete structure 640 feet in height, and 
the alignment w^as shifted twice in an attempt to avoid the worst defects. A com- 
mittee convened to study the question of feasibility agreed that a safe concrete dam 
could be constructed, but that the utmost precautions would be nec(‘ssary in all 
])hases of excavation and construction so as to obviate falls in the abutments. The 
treatment of the major fault zone was estimated to cost rupees one crore. The 
project has now been abandoned on financial gi’ounds, but may be revived within 
ten to twenty years time. There will then be available the full record of geological 
results and interpretations based on the tunnels and diamond drill holes. These 
investigations demonstrate the absolute necessity for detailed exploration, without 
which at this particular site the major fault zone would not have been discovered 
until the founclations w^ere laid bare for the actual laying of concrete. Such a major 
defect, if located only at the very commencement of the construction stage, would 
have upset all schedules because of the modificatiems which would have been required 
in the design of the dam. This xatfall arose during the construction stage of the 
first St. Gabriel No. 1 dam, w^here the site had eventually to be abandoned and a 
new site selected for a totally different design of structure. 

This point deserves emphasis because of the attitude of some engineers, for- 
tunately in India very few, that detailed geological investigations are uimecessary 
and a waste of time. At one dam site in Inclia the drilling programme was not- 
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carried out and, when construction was imminent, it was found that foundation 
^rade had not been reached. The proposed rock surface was well within the weather- 
ed zone, with tree roots, highly stained granulitic schist, and clay pockets up to 
1,000 (uibic feet in volume. The estimates of excavation and volume of masonry 
were consequently too low, and the construction programme was delayed for several 
weeks. This setback could have been obviated had the recommended systematic- 
drilling been undertaken to provide a provisional estimate to be made of depth to 
the foundation grade surface. The preliminary estimate may not necessarily agree 
wit h the actual 8urfa(*.e proved by excavation, but in general represents a reasonably 
close approximation. Tn the pai*ticular examine in question, emergency drilling done 
on discovery of the clay pockets by the first excavation indicated a depth to satis- 
factory rock whi(^}i agre(;d closely with that found by fuller excavation. 

3. SlLTI>J(3 

The question of silting in the light of the peculiar conditions characteristic 
r>f Himalayan catchments has been considered in a separate contribution to this 
Symposium. 


4 . Raw Materials for Construction 

The Kosi dam will be about 750 feet in height from presumed foundation level, 
and will require from 1 J to 2 million tons of cement, unless pozzolan substitution is 
made for a part of the cement. This led to what has as yet been a fruitless search 
for limestones, close to the dam site in eastern Nepal, which might be suitable for 
t-h(^ manufacture of low-heat cement. Reconnaissance investigation suggests that 
there are several areas of limestone on the south side of the Katmandu (Nepal) 
valley which may prove satisfactory, but these are at- present virtually so inaccessible 
as t-o vitiate economic exploitation. 

The sili(;eou8 dolomitic marbles of Bhainse Dobhan, on the main road between 
Amlckganj and Bhimphedi, wore found in general to possess slightly excessive quan- 
tities of siU(‘.a, magnesia and alkalis, but they may prove suitable for benefi elation. 
Beneficial ion methods will certainly be developed as industry necessitates utilizing 
local materials lacking the ideal composition of cement limestones, and they will 
eventually become cheaper. At present they are certain to add very materially 
to the cost of production. Even so, the distance of Bliainse Dobhan by rail to the 
Kosi dam site would be 380 miles, and 600,000 to 800,000 tons of coal would have 
to be transported 320 miles by rail from South Bihar to a factory located at Bhainse 
Dobhan. The nearest existing cement factory to the Kosi dam site is 380 miles 
distant, on the south side of the Ganga. At present no rail or road bridge exists 
across the Ganga in Bihar, and the cement or coal would have to be brought across 
the river by ferry barges. Present indications favour the utilization of one of the 
existing factories south of the Ganga, but production would have to be stepped up 
to 1,000-1 ,500 tons of cement daily to conform to schedules of concrete laying at 
the dam. 

The nature of the source materials for aggregate needs careful consideration, 
partic.ularly in view of the alkali reaction which has been studied in the U.S.A. as a 
consequence of the cracking observed in many concretes. Such studies embody 
petrographieah chemical and other physical tests, which are carried out by colla- 
boration of petrographers, chemists and engineers. It is not at present thought 
that aggregates containing unstable minerals, w’hich react with alkalis in the cement, 
are as common in India as in the U.S.A. In the U.S.A. many of the western States 
are occupied by acid and intermediate volcanics, which locally form the only 
available, source of aggregate, and have considerable quantities of opaline silica. 
The basic lavas occupying the area in western India known as the Deccan Traps 
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appear to be free from opaline silica, though chalcjedonic silica, particularly in the 
form of agate, is abundant in some of the hows. Other possibly reactive materials 
in these lavas are represented by zeolites, in which base exciliange reactions are 
characteristic, together with palagonite and celad<milc. 

5. Leakage 

It is fortunate that the great majority of reservoir basins so far under considera- 
tion are watertight, for no reservoirs will exist on any extensive aieas of plateau 
limestones, with solution cavities and a depressed water-table, nor do permeabh^ 
moraines and outwash sands form part of the reservoir perimeters. Tlu^ llamganga 
Reservoir in Garhwal District, Uttar Pradesh, is situated entirely witliin the Mddle 
and Upper Siwalik rocks, which consist mainly of alternations of porous sand- 
rock and clay-shales, together with poorly cemented conglomerates. At the dam 
site, and forming the southern perimeter, these rocks dip northwards into the reser- 
voir basin. Had only sand-rock been present, this disposition would not have been 
much imjiediment to the southward migration of the impounded water into the 
Gangetic plain, because water could have percolated through the massive sand-rock 
regardless of the direction of its dip. But the existence of clay-shales, intorbeddcd 
with sand-rock, all with a northerly dip, should act as an effective barrier against 
leakage to the south. There will probably be at first (considerable apparent water 
losses as the porous members are primed at their outcrops, but this water will 
be retained as ground water (confined in the sand-rock, and will not escape from rhe 
basin. 

The dam will be an earth structure, 400 feet in height from cut-off level, with 
an impervious clay core. The design as at proscmt envisaged involves a northward 
in(;lined clay core similar to that of Anderson Ranch, which will abut against at Iccast 
one of the north -dipping clay-shale members of the Siwaliks, so that there will 
be a continuous impervious barrier, artificial through the dam and extending natu- 
rally into both abutments. It may be stressed that our detailed geological work 
was greatly facilitated by the regional geological survey which was carried out by 
C. S. Mid(ilemiss 60 years ago (1890). 

6. Flooding of Mineral Deposits 

Apart from the canard put up by the Anti-Hirakud Dam Committee about 
flooding of immense deposits of alluvial diamonds, the only serious case of submersion 
of valuable mineral deposits with which we have had to deal would arise from the 
constnuction of the Aiyar and Bokaro dams. The leservoirs impounded by these 
dams would result in the submersion of about 9 sq. miles of coal measures in the 
Ramgarh coalfield and 7 sq. miles in the Bokaro coalfield. The original geological 
surveys of these coalfields are old, but for their time of great accuracy. New geo- 
logical surveys have since been in progress (Dutt and Ghosh, 1950), based on 4' = ] 
mile maps prepared for air photographs. It is likely that the Bokaro dam project 
will be abandoned. The Aiyar dam may be reduced in height so as to avoid too 
much reservoir spread over coal seams near the river in the Dudhmatia and 
Dhawaiya areas but, if this is done, another dam may then be required upstream to 
provide the full measure of flood control. Unfortunately, any dams on the main 
Damodar river upstream of the Aiyar site are likely to cause submergenctj of coal 
seams in the area 2|- miles w^est of Argada in the South Karanpura Coalfield. This 
matter will shortly receive further attention by the Geological Survey of India. 

7. Economic Survey of Project Surroundings 

Except in the case of the D.V.C. and Hirakud Projects, it has not been possible 
to undertake a satisfactory survey of minerals likely to be of economic value around 
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the major pi ojecf-s. The Geological Survey of India has of course data of mineral 
()ccurr(‘nc('s t hroughout India, but these tend to be scattered at too wide intervals, 
and to lack definitive estimates of probable reserves, to be of immediate value in 
indicating the mineral potentialities of the surroundings. 

In contrast, to the relatively diffused mineral occurrences in many parts of 
India, Bihar and Orissa form an exception in being remarkably well favoured with 
minerals, some of whicjh have been exyjlored in great detail. Large reserves of coal, 
iron ore, manganese^, ehrornite, copper, bauxite, mica, limestone, dolomite, and 
phosphates, have been proved in Bihar (Ounn, 1941) and Orissa (anonymous pub- 
lished reports of the (hailogieal Survey, 1943, 1949). Consequently, the D.V.C. 
Project is well situated with regard to an already highly industrialized region, with 
growing potentialities, while power from the Tliraknd Project is certain to be absorbed 
wit h fair rapidit y by the exploitation and tnmtment of known mineral deposits. 

In some eases the exist ing knowledge of geological structure and resources is 
sufficient to show t hat- minerals of economies value are not likely to be found in the 
vicinity. Thus, in the ease of the area of the Deccan Traps it can be stated ihat 
bauxit,(i is yirobably th(^ only mineral which can be developed, and in the southern 
half of Bombay State the bauxite tends to be limited to elevations above 2,500-3 ,0(^ 
feet, tliereby redneing tlie areas for future search. About other regions we are still 
in the dark. Numerous mineral ocamrrenees have been recorded for example in 
Nepal, including coal, iron, cop})er, cobalt and nickel, but available indications aie 
that either these minerals do not occur in economic quantities, or communications 
are at present so ])oor that enonomic^ exploitation is not yet practicable. Detailed 
surveys in thc'SC! almost unknown, and at presemt topographically and geologically 
littlo-rna])pod, areas may be expected eviuitually to locate some considerable mineral 
deposits, but it would be bad eeonomic^s to use tliis ant icipat ion of discovery in support 
foi’ at present entirc'ly hypothetical returns. 


8 . I j ) N o -Term Pla n n tn o 

During tb(' last five years there has been a beivildering number of major projects 
under investigation in India, l>oth by the Centre and by the States. It is fully realized 
that th(ue is urgent ncH'd for developing India's water resources to the utmo^. for 
the triple purposes of irrigation, hydro-elcfdric power and flood control. Some 
projects, su(4i as the Kosi, have the primary objective of flood control, and the 
great cost involved in constructing a dam 750 feet in height, in such an isolated 
region, is difficult to balance with the many benefits enstiing directly and indirectly 
from flood control. As geologists we are not concerned with that aspect of the situa- 
tion, but we are concerned with the local availability of raw materials for construc- 
tion, with communications, and with the possible utilization of the very large quan- 
tities of hydro-electric power wliich will be generated by some of the projects. 

These rivers are difficult of access and the construction of the dams would be 
an incentive to improve the communications. But new and costly conimunications 
may be expensive benetits in the case of as yet undeveloped regions, if their function 
becomes mainly to serve the construction of the projects rather than to act as arterial 
routes to oiien out areas of already proved industrial potentiality. 

It is sometimes stat ed that given new blocks of hydro-electric power, new indus- 
tries will quickly develop to abaorl) them. This has proved to be so in N ortJi America, 
where mineral resources are abundant and well scattered throughout the country , 
and where industrial enterprise is active. It does not follow that such an exampe 
will apply so immediately to many regions of India, some of which are V 

ill favoured with minerals and industries, while others are so little explored that their 
potential resources, if iiresent, will take time to develop. 

The Kosi dam will generate 1-8 m. kw., yet it is difficult to see tl^ utilization 
of so much power in the near future. It is true that the power will be developed 
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by stages as demand arises, but if the absorption of power is slow , little ilnaiicial 
return can be expected on the basis of its sale. Large cities like Bombay and 
Calcutta are certainly short of power, but before the Kosi dam is built there will be 
some 350,000 kw. available from Hirakud and 400,000 kw^ available from the 'D.A^d 
projects, and the D.V.C. area is much closer to Calcutta than the Kosi. Further- 
more, the very recently abandoned Rihand project in the IJ.P. would have been 
mainly a power project, developing 230,000 kw., although it would also have pro- 
vided some measure of flood control over a catcliment area of 5,000 scjuare miles, 
and water for irrigation below the Son anicut. This pJ oje(4 w as more advantageously 
located than the Kosi to the industrial centre of Kanpur and the cit ies of Allahabad 
and Banaras, but has notwithstanding been dropped, presumably because of the 
redundance of power in that part of northern India. 

It has taken nearly 30 years for 500,000 kw. of hydro-electric power to Ih‘ 
absorbed in India. While demand will unquestionably be greatly ac(aderat(Hl in tlu^ 
future, it can scarcely be supposed that the 2-5 m. kw., about to be generated by 
the Kosi, D.V.C. and Hirakud Projects, will all be rapidly utilized in north-eastern 
India. 

The Bhakra-Nangal Project, shortly to prove of immense vahi(‘ for irrigation 
of hitherto poorly watered areas, even as far distant as noithern Rajasthan, will 
also eventually generate 390,000 kw. Some of this power is already required by 
Delhi, Simla, and the Punjab cities, but the utilization of the remainder is still a 
matter of considerable concern to the enginecu-s, particularly in view of competil [on 
from the Yamuna Hydro-electric Project, only 100 miles distant from IMangal, from 
which it is expected to develoxi over 50,000 kw. Extensive mineral d(q)usits an^ 
not known to occur in the immediate area of either project, but in t his case regional 
surveys have been of value in indicating the possible development of electro-metal- 
liu’gical and electro-chemical industries. 

(a) The bauxite of Riasi, near Jammu, is 160 air miles distant from Bliakra. 

(h) The magnesite of the Almora area is 260 aii- miles distant. When wx)rked, 
however, the necessary power would be obtained from the neighbouring 
Sarda Project rather than from Bhakra-Kangal oi Yamuna. 

(c) The copper of Almora and Klietri, after local convei’sion int(> matte, 
could be electrically smelted at some central station in the plains by 
Bhakra-Nangal power. 

{d) Sulphuric acid could be made by electrolysis of sodium sulphate common 
in the Rajasthan salt lakes (Watson, 1923; Auden and Gupta, 1942). 

The river potentialities of India deserve extensive recxuinaissance by engineers 
and geologists, and it is strongly suggested that smih work should be undertaken 
as part of a comprehensive long-term survey of water J csoui c.es, in w hidi all feasibl(‘. 
dam sites should be examined and recorded, together with discharge* data. Only 
then will it be possible to draw up a sound plan on an all -India basis, based on the 
relative proximities of particular sites to construction materials, and to tin; mincjal 
and other resources in €?ach region potentially capable of industrial development. 
What is questioned is the wisdom of simultaneously laidertaking so many mutually 
competing projects, far beyond the reconnaissance stage to one of active and costly 
exploration, without any adequate appreciation of the distribution of natural 
resources, or any planned scheme for the utilization of the large quantities of power 
developed. It is understood, for example, that the cost of inv'^estigation of the now 
abandoned Rihand Project amounts to Rs.l^ crores (£1 ,100,000), and other project s 
involving very large sums of money have suffered a similar fate, partly be(.*aus(J they 
have been found, long after promidgation, to conflict with each other. 

Only a short wliile ago, 13 major projects which were under investigation would 
have required approximately 10-4 million tons of cement, while the road programme, 
even if drastically reduced from the scale envisaged fom years ago, may require 
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about 8 million tons of cement. The present annual installed eajmcity of cement 
factories within the Indian Republic is 2-78 million tons. It is evident that all 
the dams and road projects would not be undertaken simultaneously, but if con- 
struction were staggered over a period of 10 years, some 1-8 million tons of cement 
would be needed annually for dams and roads in addition to present requirements. 
It is not possible, however, to spread the cement production required for dams 
uniformly throughout an arbitrary period such as ten years, becfiuse during actual 
construction the output of factories close to the larger dams would have to be of 
the order of 1,000 to 1,500 tons of cement daily. This is a large? figure, but modest 
when compared with the rate of plat;ement of concrete at the Grand Coulee dam, 
which reached a maximum of 15,800 (mbic yards in one day, requiring 2,700 tons of 
cement. The record daily cement production from a single plant in India was 730 
tons in 1946. 

It would thus appear that there would have to be a larger installed capacity in 
(iertain factories, to satisfy conciete-laying schedules of the major dams lasting 3-4 
years, than might afterwards be required for the more general civil requiremeuf s. 
The highways will, it is true, require large quantities of cement; but their develop- 
ment is contingent on available fiiuin<;es, now (considerably overstrained as a 
(jonsequence of other schemes. 

As discussed in a separate article on Cement, the ijresent tendency abroad is to 
substitute some of the ccunent with pozzolans, but research in this direction has 
scarcely begun in India, and it is unlikely that such pozzolan substitutions will be 
[)ut into major concrete st ructures in this country until much more is known about 
the proj)crties of pozzolan concrete made from local materials. 

It does not appear, indeed, that the implications of the simultaneous investi- 
gation, and aj)parently int^uided almost simultanet)us construction, of so many 
immense projects have as yet been fully appreciated, for such a programme as now 
envisaged in India, witliin a very limited time schedule, pre-supposes a certain 
stage of industrial productivity, and requires (collateral development of interlocked 
industries. The pressing need for food sufliciency is manifest to all, but it may be 
doubted if this objective is best achieved by such dispersal of activities and 
j-esources over so many major unco-ordinated schemes, some of which have already 
had to be abandoned after immense expenditure of money. 
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DlSCtTSSlON 


Dr. S. K. Chakbabarty. — ^Dr. Auden has rightly stieesod on the importance of dtdailod 
Geological survey work as a preliminary to the selection of dam sites particularly for examining 
the seismic activity of tho region in general and the exact location of the ‘faults’ in paiticular, 
He has also pointed out that the i*e8ults derived from the surface data are sornel imes in 
disagreement with tho evidences obtained from tiumels and borings. 11 is, however, well known 
that in majority of cases the ‘faults’ cannot be located from surface evidences nor by borings. 
Recent investigations! through sensitive seismograplis have sliown that tho region in the neigh 
bourhood of tho Boulder Dam in Arizona, U.S.A., became seismically active after tlie construc- 
tion of the Dam and the seismic activity of the region varied in parallel with tho water load in 
the reservoir. The hyjiocontral depths of these earthquakes were between 4 and 10 kdometers. 
Geological reconnaissance could not suggest the possibility of this activity as their origin is at a 
depth which is beyond the normal limits of accessibility of the Geologists. Tho cost of daiii 
construction over a ‘fault’ is heavy and should bo avoided. Tlie regions w lie re doep-soatod 
‘faults’ are in existence although apparently of small activity should also bo avoided, since at a 
later date, influenced by the heavy load of tho water in tlie reserv^oir, tlio seismic activity may 
increase and may lead to serious damage. Tho possibility of tho occurrence of large eartlKjualccs 
in tho neighbourhood should also be carefully explored, and necessary measures should bo made 
in the design and constructions of the different structures. If tlierofore these firc'cautionai^^ 
measures are not carefully plaimed at tlio initial stage serious damages are liable to occur whicii 
may completely damn the Dam projects with heavy loss to national wealth. 

It is well Imown that ‘gravity anomalies* are associated with active seismic faults. Thc' 
alluviated depression of the Ganges fronting the Himalayan arc is often considered as a foredoop 
of the Pacific typo and this when considered with tho ‘gravity anomaly’ rocoixled in that region 
suggests that there is a strong seismic bolt in that region. Tho order of seismic activity of that 
region should therefore be carefully examined before any doihsion is made regarding the seismi- 
city of the Dam sites. 

Unfortunately the seismic instruments at present under operation in India are extremely 
insensitive and are unsuitable for the study of ‘local eartli quakes * and ‘local structures*. The 
mere fact that tlio records taken with those instruments do not show any seismic activity should 
not be accepted as the basis of site selections and designs. The influonco of tho type of seismo- 
graphs available in a region on our knowledge of local seismicity was revealed a few years ago 
by studies carried out in north-eastern United States. That area had long been considered as a 
region of rare seismic disturbance, although a few moderately strong shocks did occur in the 
past with epicentres in that region. Since the installation of short period electromagnetic seis- 
mographs at several stations in that area an unexpectedly large number of small ‘ local’ earthquakes 
are regularly recorded and tho earlier conception about tho seismicity of tlie area has comjiletely 
changed. It is therefore highly desirable that after tho completion of preliminary reconnaissance 
through the study of surface geology, detailed mapping of the local structures is made through 
Geophysical methods, specially by tho seismic methods. Benioff ® has shown liow tlio seismic 
activity of a region is connected with the ‘elastic rebound strain increments’ associated with 
individual earthquakes. If therefore tho type of ‘creep’ in a region is calculated from the seismic 
records, then it may be possible to give a sliort range forecast about the ‘magnitude’ and ‘origin 
time* of major earthquakes. 

It is thus evident that although in the works of site selection and tliat of designing different 
structures, geological field survey is necessary, it is not at all sufiicient and geophysical method.s 
should be adopted before any final decision is taken in the matter. Tho authorities concerned 
should take special note of the points roforiud above if they want to make their attempts 
successful without much strain on our national economy. 

Dr. J. B. Audkn remarked, in reply to Dr. S. K. Chakrabarty, that the seismic shocks 
developed in the Colville basin of Lake Mead began with a short lag, after the reservoir had filled 


! D. 8. Carder, Sets. Soc. Arner., 35, 176, (1946). 
a H. Benioff, Bull. Geol. Soc. Amer., 60, 1837, (1949). 
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for the first timo. Subsequently the shocks decreased rapidly in frequency. The shocks arose 
as a consetjuonco of the suddenly imposed load of water, in the roughly circular Colville basin, 
upon the oarildB crust amounting to 1 2,000,000,000 tons. In the case of the reservoirs behind 
the (hand Coulee and Shasta dams, which are long but of small width, very few local shocks 
have occurred. The shocks do not indicate a crust imstable from still active tectonic causes, but 
arc a conH<'Ciuonc(s of an induced load, the stresses from which have later reached adjustment. 

With regard to the second question (‘oncerning deep-seated active faults. Dr. Auden said 
that the piimary concern was not so much witli the depths to whitdi the faults extended, but as 
to whether or not the faults are active. Active faults, such as the San Andreas and Haywood 
faults of California, are naturally of significance to engineers if structures have to be located in 
their vicinity. (Jn the other hand, dead faults, such as are present in the Gondwana eoalfields 
of India, <‘an be regarded as harmlt^ss, and the only concern of the onginctu’s is the actual foimda- 
tion tre^atment tliat may be necessary in the event of a structure being built across them. 

Further comments by J. H. AuDTiiN. — The above reply was handed in before the written text 
of Dr. S. K. Chakraliarty’s (piestions was available in extended form. On account of the shortage 
of time available in which to deliver 1 he addresses, which wore themselves strictly limited in length, 
at the Sym])osium, it was not possible to entc-r into a prolong<ul discussion of the matters brought 
\ip by Dr. Cliakrabart y , It may be pointed out tliat tlio geological reports submitted to the 
l{!ngiiKH>rH of the Kosi and other projects have taken into account the available evidence from 
geodetic and geopliysical work, seismograph rwords, and geological surveys. The structure of 
northern India was diseuss(»d in some detail in the Memoir which described the Bihar -Nepal 
Fartliquak(' of 103J, in which wo made use of gravity and gooidiysical work done by the Survey 
of India (Ment. Oeol. Surv. Ind., 73, pp. 118—100: and Survey of India Geodetic Report for 1935, 
pp. 45-03). These data have long ago been placed before the engineers by the Geological 
Survey of India, and designs for dams have been made wutli duo regard to their position relative 
to the sidsmie zone of nortliorn India. 

It is true that geological surveys use as data mainly surface exposuri’is, but in many regions 
it is possible to inak<‘ a reasonalily accurate throe -dimonsionl figure extrajiolated to considerable 
doptiis, based on tlie two-dimensional eoufiguratioii togetlier with tlie vortical dimension which 
is w'oll displayed in montane zones. In tlie Himalaya the vortical exposures extend over a range 
of 8‘0 km. VNTion wo come to the Gangotic alluvium, which is a downwarp region with strong 
negative gravity anomalies, it is admittedly not possible to determine the configuration of the 
basement of the alluvium morel;y by surfaci^ (^xjiosures in the quite fiat terrain, Imt in this case 
data w^ere available from work carried out by the (ijeodetie Branch of tlio Survey of India, which 
was fully discussed in tlie Memoir of the (teologieal vSurvey c*itod above. 

Dr. Chakrabarty remarks tliat active seismic faults are associated with areas of gravity 
anomalies. While the opi central region of the Bihar earthquakes lies in ai*egion of strong negative 
gravity anomalies, then^ bus been up to the jiresent no means of proving whether or not an active* 
seismic fault lies below the fi, 000-7,009 feet of alluvium wOiieh underlies North Bihar. Such 
a fault was postulated by the Geological Survoy'^ hut is not at present capable of rigid proof. In- 
deed, the Japanost^ seismologist Nasu actually considered that the Bihar earthquake had no 
connection with a tectonic* fault (Earthquake Kosoareh Institute; Tokyo Imperial University, 
13, Ft . 2, p]). 417-432). Wo are not d(^ductively^ on gc neral structural grounds, in agreement witli 
the views of Nobiiji Nasu, hut the decision regarding the difference in opinion must await further 
research. Those visible faults in tlie Himalaya, wdiicli are regai-dod as active and seismic, are 
not so far as I know associated with any jiartieular gravity anomalies, for they are localized 
except in linear oxtoiisioii, while the arioinalios are regional. The area of the U.P. and Bihar 
alluvium involved in the downwarp and negative anomalies is of the order of 75,000 sq. miles. 

Dr. Chakrabarty considers that it is ju’omaturo to construct dams in noithem India until a 
conqiletc geofihysical survey has been carried out. While admittedly there are many unlmown 
factors, the available knowledge, small though it may bo, is considered sufficient for the purpose 
of adidsing on seismic* factors and uiidortaking largo projects. If construction of dams in the 
seismic* westem states of 1 he XT. 8 . A. had boon deferred until a full goojiliysieal survey wero avail- 
able, there would still he uo dams or irngaiiou or hydro-cdectne power in California. A com- 
promiso has to be made, and some elcuneiit of risk must be admitted, in all construction work, 
both in India and abroad. 

Momover, e\'en suppc^siiig that tlie wdiolo region of northern India had been fully surveyed 
by a close net of gravity^ stations, and by soi.siinic and magnetic* observations, there would still 
bo some uncertainty about the interpretation of tlie results. The United States geodesists, 
working over a limited terrain of 3 million square miks, have concluded that isostasy is almost 
<*omplete. They' are jirobably correct within their own region, but work in the east and west 
Indian archi|X‘lagos, in India, and elsewhere, show's that \ery great ex(‘options exist to perfect 
isostasy, aaid the conclusions drawn from the United States do not have universal validity. 
Much depends alsck on the nature of the assumptions and what corrections arc adopted for the 
graxdty w'ork. In some countries no geological coiTOction has been thought necessary to the 
gravity data, but Evans and (^roiupton have shown the valuable itisulte which are obtained 
by applying a geological con-oetion in northern India {Quart. Journ. Oeol, iS'oc., London, 102 , 
pp. zl 1-249). These are problems involving global study and correlations, and engineering 
projects c<m scarcely wait until the integration of results has been carried out with complete 
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agreement in every country. Many new seismograph stations will be sot up in India as a conse- 
quence of the major projects now under coiisidoration, and now and valuable information will 
thereby bo gained pari passu with construction. Knowledge is never complete, for research 
©von engenders new problems, requiring now enquiries and intoi-pretation, but to postpone all 
construction because of the limitations of knowledge would involve awaiting an alw ays receding 
millennium. • 

Mr. a. Aoharya. — I ir view of the importance and urgency of these multi-purpose river pro- 
jects for which the opinion of the geologists of the Geological Survey of India is necessary, from 
the preliminary plamiing stage to the final constructional stage of these pi’ojects, I think instal- 
lation of the following very imjjortant laboratories in the Geological Survc^y of India may bo 
considered very helpful in enabling the geologists to get all possible valuable engineering geology 
data for tlieir day-to-day problems. 

1. EartJi-inaterials or soil mechanics laboratory to carry on examination of eari-li materials 
from the foundation and embankment, o.g., mechanical analysis of soil; percolation, compaction 
and specific gravity tests and tri -axial shear tests; 

2 . An up-to- date Petrographic laboratory of tho tyjic^ of that of the U . S . B uroau of Keclamat i on , 
Denver, Colorado, U.S.A., for speedy identification of tho cday minerals by the X-ray defraction 
and micro -chemical metliods, etc. 

3. A Concrete Laboratory to carry out standardized tests on concrete aggregate to determine 
their quality for use in constructions. Tlioso tests include determination of (a) specific gravity 
and absorption; (6) accelerated soundness; (c) abrasi^ui resistance with tho help of an abrasion 
madiiiie; (d) organic impurities in sand, and (c) proportit!is of standard mort ars to find the struc- 
tural strength of fine aggregate. 

It is true tliat wo liave laboratories of tliis tyjie in different parts of India. But considering 
that promptness and thoroughness of action arc the pre-requisites for efTiciont hanrHing of en- 
gineering geology problems, location of siu li laborafories within easy reach of tlie geologists 
would be very us<^ful in obtaining and iat<irpreting engineering geology data and tiie aclvi( 
tendered by geologist s would then bo more autlientjc. 

Secondly, i n view of the importance of t he multi-purpose river projects and the rosponsibilit ics 
involved therein, it is important that the civil engineering collog<^s in India should provide adequate 
orientation courses in geology for efficient ('o-oyieration between tlie engineers and the geologists. 

Finally, it may lie suggested that a glossary of terms dealing with engineering geology should 
bo prepared by the Geological Survey of India so that geologists and engineers may luiderstand 
each other in their work. 

The President agreed tliat it would be desirable to adopt a \ ocaliulary which is mutually 
understandable . 
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By K. L. Rao, M.Sc., Ph.D., A.M.I.G.E., M. I. Struct. E., M.I.E. (Ind.), Design.-! 
Engineer, Central Designs Office, P. W.D. Buildings, Ohepauk, Madras. 

(Communicated by Dr. S. L. Hora, F.N.T.) 

Summary 

Tt is shown that almost all the big river projects in India si^rv^e to fulfil a numher of ohjectivos 
and considerable ecopomies can result by careful designs of dnms and pow(>r plant. Bi^fore tlie 
detailed designs are made out, it is necessaiy to carry out preliminary invest igal ions and obtain 
full data with regard to the amount of river flow, depth of sound rock, overburden S(m 1 charac- 
teristics and quantities of materials of construction. 

Based on these, a preliminary desi^ is made and economy studies are undertaken to select 
the best suited tyjie of dam for the locality. Detailed investigation tlam follows and colli'idion of 
data is completed. Making use of these, detailed designs are then made. Diffi'iint factors 
which affect the design of masonry dams and earth dams with special reference to fndian con- 
ditions are considered separately. Brief indication is given for stability cakulalions and design 
of foimdation treatment, galleries, spillway, gates and power units, etc. It is pointed out that 
proper cut off and drainage arrongemmts are necessary for ensuring safety of an t artli. Model 
tests are required to confirm tlje design provisions. Modem construction }}lant is then con- 
sidered and rocommendations made for what is considered as suitable in India. 

The necessity for obtaining field oViservations in the actual strui tures is emphasized. It is 
finally eoreluded that the designs must be prepared to suit th(' local conditions. Me( hanizat ion 
is advocated for the earth dams. To ensure efficient and economic designs in India, a central 
designs office for the whole of India should be established and consolidated in the near future. 
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]. Introduction 

Formatiou of reservoirs across rivers by construction, of dams usually serves many 
pur]x:)S 0 s. Tlie tlofid water which would have been running to waste is held up 
and released in regulated amounts. Floods are moderated, irrigation water sujiplied 
according to requirements and continuous power is generated. Other purposes 
served are navigation, silt abatement, domestic water supply and recreational facili- 
ties. It may be that all the objects may not be achieved simultaneously but still 
it is a multi-piirj)ose proje(!t whi(;h serves more than one object. Grand Coulee Dam 
(U.S.D.I., 1938) across River Columbia in Washington State, U.S.A., serves to 
generate two million kilowatt power and to supply water required for cultivating 
million acres. The Tennessee Valley dams serve the purpose of controlling floods 
at Cairo, Mississippi and help in generation of 2-6 million kilowatt power and silt 
removal. Boulder dam is another example where power is generated, floods 
controlled and irrigation water stored. 

Sometimes it happens that only a single object is achieved by the construction 
of a dam across a river. Thus the Neversink dam in New York State is useful only 
for supplying water to the City of New York. Galloway scheme in United Kingdom 
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which couaiHt.8 in the construction of series of dams across rivers K(‘n and Bee is 
mainly a jiydro-electric project intended to take up the peak loads of Glasgow. 

The old river control works in India which consisted mainl> of flood banks, 
anicuts, regulators, diversion weirs or tanks, served only irrigation. Recent jaojects 
consisting of storage reservoirs are mainly multi -pur] )Osed. Thus the Moyar Scheme 
under <»onstruetion is mainly a hydro-electric scheme and consists in conserving 
water in Ooty hills behind a 112 feet dam in Pykara and utilizing it for generation 
of }>ower by making use of 000 ft. fall. But the 400 cusecs of water thus let down 
from the turbines will he available in addition to the waters in Lower Bhavani Re- 
servoir intended to be utilized for irrigation. Similarly in ])urely iiTigation works 
like Ganga Canal in Hardwar, the irrigation water is made to pass through turbines 
at all dro])8 in tlie canal and mu(‘h needed x)ower is generated. 

Great care is to be bestowed on the liit^uro ])ossibilities. At Aswan dam no 
])rovision was made for pcnsttx ks with the consequence that today Egy])tians are 
denied the benefit of develo])mont of hydro-])ower. Penstocks I'or future ])Ower 
development are therefore made in Malam])uzha dam. 

Also the ]) 0 ssibility of utilizing irrigation water if self for developing i)ower must 
be studied. A notahh^ exanqjle of tliis is Tiingabliadra project where all the irrigation 
water will be ])assed tlirough turbines and power generated. Bhakra dam is another 
instance where 240,000 kw. power will bo generated Irom the watei' lot down for 
irrigation lower down. 

Thus as every major river ])roject in India serves to fulfil a number of objectives, 
progress towards attaining sufiiciency in i)Owor and food is slmuUaixeous\> made 
with the com])lotion of each oi' the river pj‘oj(‘cts. Indiaix livers and teirain ])ermil 
the construction ol’ a. number of these jirojcets. Only a few have boon investigated 
so far and of tluisci Kirakiid, Bhakra, Bamodar. Tuugabhadra, T.(OW(‘r Bhavani, 
Garigapur, etc., ar(‘, under construction. Of the schemes which w(U’o thorouglih 
and fully investigated and not taken u]>, mention should be made oi* Ramajia-dasagar 
jirojoct (across Godavari) and Riband. Tajiti and Krishna Pennar arc two sciiomes 
witl) great yiossibilitic^s and are now under active investigation. 

it is evident that t here is seo])e for a ver}" large number of excellent multi -])urpose 
river jirojects in India, and to be able to undertake as man\ as ])ORsible of these with 
our limited financial resources, it is muessary to evolve economical designs and 
construct them utilizing methods most suited to our conditions. 

A storage projects consists essentially of three different parts (1 ) dam and ajijiur- 
tenant works, (2) ])ower plant, and (3) canal system. Sometimes the canal system 
costs as much as the other two or even more but- still there is not much scoxie for 
effecting ecamomy in its design as it is comxiletely influenced by the local conditions. 
Hence ecamoiny is to be achieved mainly under the first two items, i.e. dam and ])ower 
jflant. Further the design of the canal system has been well established in this 
country and due to limitations of sjiaco in this jiaiier, the design of dam jxnd power 
plant only has been c*onsidered. 

2. Materials of Construction 

Bams are built of masomw or earth according to the suitability of the site. 

Concret-e masonry consisting of stones of sizes iqi to (S" or 9", cement and sand is 
extensively used in Europe and United SLites for the construction of their chims. 
Thoie are two reasons for this. First, great speeds are attainable with concrete. 
Thus at Grand Coulee dam, 20,000 cubic yards per day was attained many times 
whereas in Aswan or Mettux dam where stone masonry was omj)loyod, the maximum 
outturn never exceeded 1/10 of the above figure. The second reason for using con- 
crete is the great cost of labour. Complete mechanical plant is develoj)ed for con- 
struction of the dams with concrete while no such plant is available for building 
dams in stone masonry. 
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In India, both the above reasons are practically absent excej)t in a few cases, 
like Bhakra or Ramapadasagar where due to great possibility of floods, speed of 
construction may have to be accelerated. Otherwise, in most of the cases use of 
cement concrete seems to be unnecessary. By using cement concrete, a large number 
of compli (nations arise. Cement on hydration with water, ])rodiices lieat and if 
this is not dissipated by radiation or convection in the thick mass oi’ concrete, heat 
is locked up and it takes years before it is lost. But when the tem])eratiiro (‘omes 
down, the liuge mass shrinks and causes cracking of the structures many years nftei* 
the constriu-tion. To reduce the eflects of heat of hydration Kte])8 have to be taken 
as indicated later in 4 — i. But all these troubles (^au be minimized l),\' using stone 
masonry. In tlio construction of Tungabhadra, Lower Bhavani, etc. stone masonry 
only is employed. It is imj)ortant to note that when c(uiient is used for stom^ masonry 
it is desirable to use medium cements. Manufacture of this c*ement is similar to that 
of normal cements, the only dilference being extra grinding ami addition oi‘ ferric 
oxides to reduce tlie jjercentage of tricalcium silicate. 

In tlie construction of Mettur dam a portion of the cement in the mortar was 
ri)])la(ied by surki or burnt brick powder (Barber, 1040). This was found to result in 
a large amount of beneflcial effects siudi as reduction of cost, reduction of heat of 
hydration and reduction of j)ermeability. Mr. Blanks (1949) has stated ro(ontly 
that the addition of an admixture is the only solution for seem ing durability of struc- 
tures using cement. This practice of adding surki to cement is followed both in the 
Lower Bha.vani and Tungabhadra dams. 

While engineers in Madras State utilized ('oment in the construction of tlu*. 
dam, Hyderabad and Mysore engineers have scrupulously avoided cement. Lime- 
surki sand is used in Hyderabad, while lime-surki alone is used by Mysore engineers 
(Sampatliicngar, 1946). Even today in the construction of Tuuga dam (4(V high) 
lime-surki only is being used. This suc'cessful use of lime mortars has led to gi eat 
controversic^s about t he com]>arative eflicacu'cs and economies of lime mortars and 
ciement mortars. This controversy reached a climax in deciding on the mortars in 
''rungabhadra, dain, which is a joint concern of H}'derabad and Madras States. It 
was agi’ced that cement mortar is to be used for spillway ] portion of the dam, while 
lime-surki mortar is to be used for the other ])ortions. 

It has to be eonc'oded in favour of lime-surki mort,ars that its use will cuiable 
dispensing with all transverse joints. But where strejigths in excess of 30 to 40 t ons 
per sq. ft. are required great care is to be bestowed with lime-surki mortars. Tests 
give very erratic results and unless lime-surki artJ standardized and uniform results 
are obtainable as with cement, it will be difiicult to j)ush on with the use of lime- 
surki mortar in imx)orlant and high dams. 

Where concrete is used, it is necessary to note that pebbles and round stones 
can be used as aggregate. This is one of the notable lessons brought out by the use 
of round stone emailed ‘graver by Americans in the construction of their dams. 
U.iS. Bureau of Reclamation avoids using cruslied stone and })refers always the round 
Xjebblos which are obtainable from the ground in western states of that country. 
Sand used ma.y ho either natuicil sand from tlie river bod or crushed sand as in I\ykara 
dam. 

For earth dams puddled clay is being used for the interior till now in India, 
modelled after the British jiraidice. But now the use of soils with clay content 
ranging only from 20 to 40% with controlled moisture c;ontont is advocated. 

3. Investigations and Collection of Design Data 
3 — 1. Prelim iyi ary Investigations 

It is necessary that as much data as possible must be collected beloro designs 
are started. The data include the flows in the river, rainfalls in the project area, 
weather data, the silt content of the waters, geological features at site, depth and 
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nfitiiro of foundation rock and availability of materials of construction and transport 
facilities. In trying to find the dei)th of rock without much of expensive drilling, 
two motliods are used in India. If the overburden soil is sandy, penetrometer 
inotliod gives quite often useful results. The method consists in driving IJ,'" mild 
stool rods to whi(4i conical shoes are fitted loose, by dro})ping 100 lb hammer through 
30 inches. The number of blows required per foot of penetration is noted and grajih 
dravTi. From the diagram it is easy to note the relative density of soil and roeklevel. 
In Ramapadasagar investigation penetrometer was very successfully used, 300 
points having been put down during investigations. In Ramapadasagar and Kistna 
Pennar projects, geophysical prospecting was done. The method consists in lotting 
down electric cuirrent through two electrodes at some distance apart and measuring 
the electrical resistance and potential drop between third points. From a series of 
these observations it is possible to eahadate the depth of the rock. This method is 
said to have been used with great success at Rolling Fork and Round lake both of 
Mississippi in America (U.S.W.E.S., 1943) though it has not yielded similar useful 
data at the sites investigated in Madras State. Intensive hydrologic studies are 
made to arrive at the maximum floods and the total amount of annual run off, making 
use of tlu^ observed gauge re«idings, flood marks, slo])es, etc. and the unit hydrograph 
method (Greager, Justin and Hinds, 1944) and the intensity of rainfall methods. 

Making use of tbe preliminary data, a rough design is mad(j out usually based 
on similar structures elsewhere. The storage capacity and height of dam are fixed 
by cons id(uat ions of ixupiirements and (condition of area which will bo submerged. 
It sometimes hap})ens that a particular im]>ortant town may get submerged and in 
ord(^r to avoid this the storage ca]>acity is reduced with a loss of economy. Curves 
showing reservoir cai)acity vs. height and area of submersion for some Indian dams 
iire shown in Fig. 1 . The location and ty})e of construction adopted for spilling the 
excess water have a largo influence on the economic aspec ts of’ the 2 )roject. It is 
sometimes necessary to construct i)art of the dam in earth and part in masonry. 
It is thus in the ]woliminary stage of designs, various ty|)es are tried with a view to 
obtain as ec*onomi<’al a structure as 2 )ossiblo. 

3 — 2. Detailed Investigations 

Com])I(dion of tiie y>roliminary stages of investigation and design may bring out 
tbe ty])e of the dam and the material of (‘onstrucf ion that will in all likelihood be 
used at. the scdocted site. The detailed investigations are now undertaken for finding 
de})th of sound roc^k sub-surface soil (^ojiditions and the availability of the material 
of construction. The c’ores of the rock are obtained either by caly drill or diamond 
drills. Diamond drills are used up to ]>roviding cores of and generally i‘or 
larger holes shot drills are used. In the latter, though drilling speeds are less, the 
cost per foot is lower. In im}>ortant plac^es where rocks present shattered or lami- 
nated n.]>}>earancas, tunnels of 36" diameter or more are also j)ut in horizontally and 
inclined to study sixjcially the abutments. In very rare cases vertical holes 3' dia. 
are drilled so that the inspecting }>ersonnel can go in and examine tbe strata of rock. 

It. is very essential to carry out t ests to find out the sub-surface condition of the 
over-btirdon soil. This becomes specially im 2 )ortant in earth dams. Samples of 
soils both disturbed and undisturbed are obtained i’lom different depths and the 
characteristics (U.S.D.I., 1948) such as the size, gradation, strength and f)ermeability 
are determined. Various tests are done on the materials to find out the suitability 
and S 2 )ecially for detecting the deleterious minerals in the composition. For earth 
dams number of trial pits are put in the reservoir water spread area, soils taken out 
and analysed for their suitability in the construction of different zones of earth dams. 
Soils with clay contents 20 to 40% are usually selected for imier core while the rest 
of t he soils are used for outer zones. The qualities of the materials available for each 
tyi^e are accurately determined to aid in arriving at the section of the dam. Pumping 
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tests are usually couductod in which observation of the draw down and the rate 
of the pumping are observed. This will oiiablo the overall eooflicient of ]>ermefibility 
of the soil to be obtained. Silt content of the water and periods of occurrences are 
carofujl}^ recorded so as to help in calculat ing the lii'o of t Ik? nvservoir. Observations 
of the temperature of the river water and air, humidity ‘ind wind velocity hol]> in 
drawing up an accurate |)rogrammo of construction. 

4. Detailed Design and Specificattons 

4 — I . Masonry 

Types and Dimensions: Sections of some of the masonry dams under (‘onstriic- 
tion in India are shown in fig. 2. The gravity type is almost gonera.lly used a-nd is 
suitable for many locations. Where the site is narrow and less t han 1 ,500 ft. arciied 
typo may be considered. Somotirnos arched gravity t\po is used as in Ihjuldei’ 
dam. In Sweden, buttress dams are most favoured. Rtunforced concrete^ dams 
are scarce. 

The top wfidth of dam varies a(;cording to rec|uirement. of tr-affic on top. It is 
26' for Tungabhadra dam and 18' 6" and 10' for Malampuzha. The height of the 
dam above maximum reservoir level varies between 5' and 10' and is dopendent' 
upon the fedch of the water and velo(dt/y of the wind. Idic modern tcuidency is to 
keo]) the front fa(!e vertii^al or with batters not exceeding 1 in 5. ’^I'hc roar is ma,do 
up of either one or more slo])es generally averaging between *65 and *8 slope. Fig. li 
shows cross-sectional areas of some Indian and foreign dams. 

Strpss and Stability compvtaiions 

The selected section is subjected to comjdote stress analysis and com])utations 
are made for normal, shear and principal stresses at different elevations. All these 
comput.ations are based on tlie hypothesis oi' Bonvier and TJnndn who assume tliat 
the pfiane of })rincij)al stresses are present at right angles to tlie resultant and t/he 
batter of t-ho face respectively. The stress at the heel aiid toe; under ditferent (con- 
ditions of reservoir em])ty and reservoir lull with and witiiout uplilt are calculated. 
Whore there is possibility of seismic disturbance, the stn^ss com] aitat ions should 
take ac(^(mnt of it. For Rama])ndasagar dam an eartlupudve accek’iration of' 0*1 g. 
and 1 second period of vibration have been allowed. Limit of pressuT cs do]a>nd upon 
foundation rock and materials of construction. GeiKaally maximum intensity 
allowed for the lime mortars range uj) to 10 tons ]>er sq. ft. ;md cement- concrete up to 
25 tons p)or sq. ft. Fig. 4 shows the heights maximum (jahaikited stresses in some 
of the dams. 

Stability comj)utations are made to determine the ratio of overturning and 
resisting moments and factors of safety of 1*5 to 3 are aimed. Sliding factor 
(U.S.D.I., 1946) should not exceed 0*8. 

The above method of calculating the stresses in a dam is not v(wy satisfactory 
so that model tests and, different theories (Bey, 1947) a])poar from time to time 
trying to evolve a correct method of calculation. The gravity dams are calculated 
assuming the dam as a cantilever on a rigid base but as in reality the foundation 
has the same elasticity as the dam, now methods sucdi as slab analogy (U.S.D.I., 
1938) are employed in calculating stresses. As a result of tlujse studies it is now 
established that the shear stresses are non-linear at the base and remain so to a third 
of the height of the dam. 

The gravity dams when spanning across the steep and narrow gorges will act 
both as a beam across the two abutments and as a cantilovc^r. The method of cal- 
cula-ting stress in such a structure is known as twist analysis (U. 8. D.i.). These 
studies generally indicate an increase or decrease of about 15% in the maximum 
stress at heel and toe. 
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Found/ition Treatment 

dowigner must take caroful aoeount of tho foundation rock. The rock is 
U(*,v(^r universally sound. It will juesent considerable variations and difficult prob- 
lem^ due to cc vitios shear fractures, shattering joints, etc. occur. Thus in Madv^patty 
dam tho whole bod rock was conglomerate even uj) to depth of 100 ft. below bed. 
At Porunchani there was cons])icuou8 shear zone resulting in shattering and kao- 
linisation in tiie middle ol' tho river. Pockets of tale schist embedded in gneisses 
juesonted difficulties in Lower Bliavani. Intrusions of pegmatite and opidiorite 
rocks gave rise to difficulties in Tungabhadra; anticipated clay gorges in Bhakra are 
expected tc» offer special problems to the engineer. Treatment of tho foundation 
problems differs >)ut it may bo said that the general X)ractico is to scoop out the weak 
zones to depths do] sending on height of dam and baclcfill with concrete. 

(kuisolidation grouting and prossui-o grouting have boc'ome universal jdjasos of 
chim construction at xuesent to strengthen foundation rock against leakage (Simonds, 
1947). One ol the modern methods of attaining greater siifety of stability is to 
provide adequate drainage to lead off the leakage water. In low dams the drainage 
is collected bv means of drains 9" x 18'' and led out at intervals. The most universal 
juactico in all the medium and high dams is to drill drainage shafts and load out 
tho water through open drains in tlie foundation galleries. The founchdior gallery 
is generally 5' and is lo(‘ated f>arallol to foundation rock witli a minimum cover 
of 5 to 10 ft. above the bedrock. In concrete dams for ])urj)ose of pressuie grouting 
tho joints and cooling tho conciete it is usual to have galleries at about 50' height 
interval. 

JointH 

Bams built of limo-surki arc not provided with any joints. Thus Krishna- 
rajasiigar dsm though 8,000 foot in length has no joints, but where cement is used 
joints are [uovided at intervals ranging between 50' to 150'. In Mettur dam, joints 
are 8]>aced 120 foot. Tho object of tluiso joints is to ])rovido for movement in dam 
in either (expansion or ( ontraction and lo(*alizo cracks duo to initial shrinkage of 
cement conertdo or inasonrN . Where (‘omont concrete is used and base width of 
tho dam is more than 150 to 200, it is necossar\ to provide longitudinal joints in a 
zigzag fashion. Thesis joints must be grouted later. Grouting the transverse joints 
is done in American jiractice but has been omitted in masonry dams in India. On 
the water side of the joints, some sort of arrangement to jirevent leakage of water 
is always made. The most usual one is the juo vision of coxqier strij) with or without 
asiihalt seal. 

Spillway and energy dissipation 

Provision is made in a dam for surplussing floods which may occur once in 100 
years. In impoidant structures sufficient waterway is provided to pass down floods 
of even groat intensity. Careful attention has to be ])aid for flood moderation 
effect of the reservoir and consequent reduct ion of the peak flow. Tho to^) of* overflow 
section is geneially built curved either of ])arabolic sha])e or of 2 or 3 circular arcs. 
The aim in this type of construction is to enable the easy flow of water and thus 
increase coefficient of discharge. Considerable attention is i)aid to investigate 
the ('avitation pockets. Usually this is done by hydraulic* model tests. The dimen- 
sions and shax)e of the siiillway dam dc'pends on the t^\pe of controlling gates. The 
falling waters xiossess c'onsiderable energy and may easily cause erosion pockets at 
the rc^ir. To obvdate this danger rear jirotection work consists in the provision of 
cuie c)f the following (Davies, 1942) : — 

1 . Cist ern ; 

2. Baffle blocks of different types and provision of long aprons; 

3. 8hoc:>ting buckets. 
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Sometimes the flood waters are discharged through sluices and siphons either of the 
saddle or of volute types as at Hirabasagar dam. 


Gates 

Gates are provided for controlling the spillway and sluices. The spillway gates 
(Schocklitsch, 1937) may bo of lift, radial or drum type. Sometimes roller types 
are also adopted. Of those the radial gate is the cheapest and the drum the costliest, 
while from the ])oint of easiness of control and operation, drum gates possess many 
advantages. For Lower Bhavani radial gates are proposed while for Tiingabhadra 
lift gates are provided. 

The design of the gates for sluices presents difficulties due to the high juessures 
involved. In rapid flowing waters, (cavitation occurs and to nullify its ofl'oct, special 
design features are incor])orated. Ample provision for admission of air in rear of 
gates is made. Constrictions at outlets and bollmouths at the inlet or other con- 
trivances are now adopted. Staunching devices to ])revent leaking of water consist, 
of sj>ecial types of rubber seals. Metal to metal contacts usually provided so far 
have now })ractically become obsolete. 

Goner tie Darns 

Special precaution has to be taken in the design and construction of concrete 
dams. Provision is made for abstraction of heat of hydration (Rowhouser, 1945). 
This (consists in embedding 1" dia. pipes at 5 foot intervals vertically and horizontally 
and circulating cold and refrigerated water through them. All the American dams 
are built nowadays with this type of cooling arrangement. Besides this the other 
steps ado{>ted are (1) use of modified or low heat cements; (2) provision of joints 
longitudinal and transverse at distances not more than 50 feet; (3) restricting the lift 
of construction to 3 to 5 feet every 3 days; (4) sprinkling the aggregates with water 
and addition of ice in ])la(;e of mixing water to a limited extent. 

Power Units 

Practically every dam in India unless the reservoir is a very small one, will 
develop power in addition to irrigation. This i^ower developed may however vary 
from month to month. It is best to develop power by passing the irrigation water 
through the turbines. Calculations are made to And the power develoj)ed in different 
months and duration curves are drawn. Power that will be cfuitinuously available 
throughout the year is calculated and machines are provided generally of twice this 
capacity to meet the peak load demands. The powerhouse is built of either R.C. 
frames or steel structures. The spacing of the machines and other details are cal- 
culated from well-established practices. The water is led into the machines through 
steel penstocks embedded in the dam. The machine may be either vertical type or 
horizontal though in modern prac;tice horizonLil tyj)os are almost eliminated. For 
emergency shutting off of the water, emergency gates operated by electric switches 
are installed. In big dams the gates are operated by automatic hydraulic hoists. 
The turbines generally are of Kaplan type up to heads of 70 feet and Francis type 
up to 900 feet. For cases when the variation in maximum and minimum water level 
is great, movable blade type is used. The location of switchyard sometimes provides 
difficulty duo to terrain condition. They may have to bo located on the top of the 
])owerhou8e as in Bonneville Dam or between powerhouse and the dam or on the top 
of the hill as in Boulder Dam. 

In French dams like Aigle and Saint Etienne Cantales the powerhouses 
are located under the spillway, due to want of sjmees for the spillway elsewhere. 
In Sweden, it is almost universal practice to construct powerhouses in tunnels so as 
to avoid damage in the event of an air attack. 
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Navi(i(dlon ami fish passes 

Soni(jiijm;s it may become necessary to provide for the continuity of navigation 
and pasHago of fish from downstream to upstream side of the reservoir. A notable 
(^xampJci of ih dam where such ])rovisions are made is the Bonneville in U.S. But 
most generally ])rovision of these is costly and careful economy studies must be made 
bel'ore ineorjjorating any ol‘ the features. Specially in the case of very high dams, 
it miiy become necessary sometimes to provide navigation not by the usual lock 
c}iami)or system but by providing th(^ lift of the ship itself and its transfer bodily by 
(ranes. This Avas intended to bo done in tlie Yangtze project in China. 


4 — 2 . Earth 1 >a m s . 

Earth dams are more economical than masonry dams, though they involve 
(pianlities, 10 to 15 limes sj)ecially in flat country where the depth of sound rock is 
great. They are (‘onstructed by hydraulic fill or rolled fill methods. The former 
is practicalU' very little used now. I)ej)onding on the availability of pervious and 
impervious materials dificrenb ty])es of zoning as shown in figure 5 are designed. 
The soils (»f the foundation materials and borrow ])it areas are thoroughly examined 
and the data obt ained used in cah dilations. Change of ideas with respect to use of 
puddled core for the inrwu- hearting is mentioned already. Similarly during con- 
st ructif)n oartli is tu he laid with convex top slojung outwards and not inwards as in 
olden days. 


Stress and Sfahility calcvlafiotis 

Stress calculations in ejirt-h dams are based on highly unc^ortain methods. Per- 
ha])8 the only acceptable calculations would be that ])ertaining to the })ressure dis- 
triluition in the foundation soil by Boussines(pie theory. For testing the stability 
of t he dams Swedish circle in original or modified form is used (U.S.D.l., 1948), and a 
minimum factor of safety for stability is fixed at 1-25 for sudden draw down 
condition. 

success of ])resent. earth dam is more or less entirely due to the great advance 
ill constrmiion methods (Creager, Justin and Hinds, 1944). By laying earth at 
controlled moisture (contents, by rolling out. completely in layer of fi" to 8" with 
sheopslbot rollers generally (though in humid climates like England smooth rollers 
are said to b(^ equally effecdivo) and by ado])ting generous slopes and to]) widths, 
sa.fo eart h dams are assured. One of the most important details that must be attend- 
ed to is the provision of })ropor cut off. This becomes specially imjiortant where the 
foundation vsoil contains lenses of permeable soils. The difficulty met with in Fort. 
Po(!k is due to insufficient safeguards against ])er(;olation. Though sheet pile cut off 
was providcul water esca.])ed to the rear, built up pressures and began to raise the 
ground on the downstream. To relieve this, relief wells were constructed at every 
few feet intervals and the water allowed to drain out freely. Various types of cut 
off are jillowed. These may bo (1) R.C. caissons as in Neversinli and Merriman 
Dams {B.W.8,(IN.Y., 1941); (2) wall constructed of interlocking sheetpiles; (3) 
Trenches as in Anderson Ranch Dam ; (4) Masonry or concrete diaphragm walls. 
There must bo ample provision for drainage of earth dams. This is usually done 
by ])roviding reverse fillers consisting of graded sizes of gravel in the roar portions 
of the dams. In small dams drainage ma)' consist of longitudinal and transverse 
drains formed out of tiles. 

In the construction of high earth dams it is most essential that good rock pro- 
tection should be given both for upstream and downstream faces. The upstream 
rijiraj) servos t o withstand the waves while the downstream rock will enable ^ainage 
and provide sufficient woightago for stability. The depth of riprap may vary from 
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IS"" to more than 3'. All stones are dumped and very rarely hand packed. Indian 
practice is to provide revetment 12 to 1 8" thic^k on the front side and turfing on the 
rear side. 

Tn^ Hyderabad State very successful attem]>ts have been made in whicli earth 
dams wii-h masonry facings are constructed. The masonry wall can bo founded on 
any typo of foundations and will bo much loss in size than a masonry dam. See 
fig. 6. 

Special care must be taken in the provision of spillway and sluices in eartli dams 
to prevent water creeping along the sides of sluices, care must bo taken by providing 
a number of cut off collars. Control in placement and consolidation is obtained by 
repeated density-in-place tests and Pi*octor’8 needle resistances. The pattern of 
flow of water through earth dam is dependant on soils, consolidation and time. The 
hydraulic gradient is usually taken as 1 : 4 line. This is not quite correct and the 
actual exjjeriments will show that the gradient lino is not straight but cairvtKl of 
either (convex or concave types. Also it takes number of years for the water in 
emluxnkment to build uj) and hence the gradient line varies from time to time. Be- 
sides this, water in the ])or 0 S of t-ho (dayey soil ])resenis another problem. Due to 
weight of earth on the top and rolling the pressure inside Dio jioros may easily build 
uj) thus roduedng the intensity with consequent loss of shear strength. The 
failure of clay banks during construction is due to this ]>oro ])ressure. It is a ha])])y 
augury that ])ore jiressure gets rediKaHl in course oi'tiitK^ One otdhe serious danger 
for the stabilization of upstream slo])e comes from the sudden draw down. The 
[irossure of water gets locked up in the pores with the consequence that the weights 
is reduced and slip occurs. 

Earth dam design involves therefore careful wat(;h of the material of construct ion 
and altering the design to suit the dam. 


5. Construction Plant and Programme 

A modern masonry or earth dam involves utilization of a largo amount ol‘ me- 
chanical plant (Ackerman and Loctier, 1940). Thus in a masonry dam shovels and 
drag linos are required for excavation of foundation and handling spoil earth, (kaish- 
ers are used to ])ulverize the rock to required sizes, screens are emjto} od to get the 
rocjuired sizes and })elts are I’reely used for conveyance of matcutals. (Fig. 7.) Jn 
Shasta Dam rubber belts conveyed stone and sand from a distance of 13 miles. 
The materials are taken to bateliing plant, weighed mixed and delivered automati- 
cally. The (JOTK.Tc^to is then (conveyed either on the ropeway or on trest le bridges by 
making use of the hammerhead cranes, the buckets containing the mix are t akcui to 
any position of t he dam and concrete laid. This kind of com])lot c mechanization is 
possible only in concrete dam. In stone masonry dams, artifices may bo om})loyod 
for conveyance of materials but for actual handling of stones and placing tlu^m in 
I) 08 itaon equipment has yet to bo invented. 

In earth dams, earth is dug by shovels or scrapers, conveyed in wagons or by 
belts and rolled in place by sheepsfoot rollers. (Fig. 8.) If the moisture is t oo high, 
burners are sometimes eraplov^ed to dry them up as was done at Horseshoe Dam in 
U.S.A. 

In India, utilization of mechA,nical plant in earth dam construction has resulted 
in considerable economy. Excellent example of this is Dangapur dam near Nasik. 
Provided well-established maintenance shops are made available, mechanization 
can be introduced with great profit in earth dams in India. 

Taking into account the various local conditions the designs engineer must 
draw up well co-ordinated programme of construction. He has to study the river 
diversion problem, the possible rates of outturn of concrete, masonry, earth and rate 
of supply of cement and other material of construction. 
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6. Measurement and Research 

Designs as liaalizod in the office may have to be altered duo to the new informa- 
tion o]>tainod as the work proceeds. Careful account of all the alterations has to 
1)0 maintained. One of the methods of securing economy in future designs or con- 
sf riu tion is to obtain field observations on stresses uplift pressures temperature 
and other movements that occur in a dam from time to time. In earth dams, in- 
formation on total sottl(;ment and set tlement consolidation by foundation treatment 
and bank material is to ho collected. Himilarly the pore pressure in earth dam and 
seepage water is to ])o tletermined. To make all the observations, necessary equip- 
ment/ sucdi as strainmeter, elecdTic thermometers uplift pressure meters are available 
(Raphael, 19411). The iield observations will serve a double purpose. They provide 
a check on the ])erfonnauco of the structure and enable data to be obtainefl which 
can be used for subse(|uent construction. 

7. Conclusion 

A rai)id survtiy of the S(theme of design of a dam and power jjlant is given in the 
]>apoi*. It will be evid(mi that considerable economy of cost can be effocted by 
carel'ul designs to suit the local conditions and utilizing the local materials. 

Wliile part mechanization is advocated in the masonry dam, complete mechani- 
zation seems justified in the (‘ase of earth dams. 

The designs of da.ms are done either by Governmental organizations or by a firm 
of consulting ongiiieers. All the designs for big dams in America are done by Federal 
Bureau of Reclamation at Denver, T.V.A. at Knoxville and Ameri(van Army Engi- 
neers at Wa-shingtou D.O. Moderate and small dams such as those hnilt for water 
su])i)ly for New York are designed by consulting Firms. In India at present there is 
no unified proc edure. Each state is ])re])aring its own designs with and sometimes 
without t-lio helj) of fiiin of consultants. For some river schemes the designs are 
being ])repared by OWING organization in Delhi. 

(^considerable pros])ority for parts of the (country was the result of great irrigation 
works on Krishna, Godavari and Ganga in the middle of tho last century. If tliis 
pros|)erity is to be multi])lied and made universal for the whole (country, tho middle 
of this (umtiiry must, see the completion of many multi -pur])ose projects. 

.1 am obliged to tho members of Central Designs Office, Madras, for help in 
pro])aralion of this j)a])er and to 8hri A. R. Venkatachari, B.E., M.I.E. (Ind.), 
M.Am.vSoc.C.E., I.v8.E., Chief Engineer, Madras, for permission to present the paper. 
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Discussion 

M. B. Ramachandra Rao said that since one or two of the previous speakers have mad<' 
some reference to the application of geophysical methods in Engineejing project investigations, 
I wish to add a few remarks to clarify the position. 

We have already been using geophysical methods — t^speoially the Electrical Resistivity 
method, in a few projects, to aid in the investigation of the bed-iock j)robkmH. Some engine ois 
think there is a lot of merit in the method, and a few others hold that the results obtained by 
the geophysical method are useless and even misleading. But from personal c^xpcriciu e, 1 could 
state that the results we have obtained in a few of the projects have been generally encouraging 
and have proved to be of some definite use to the engineers. The results wliich ore usually stated 
to be misleading are in reality pioceoding from the unsuitability of the actual c onditions in (certain 
particular cases for a successful application of tho geophysical method. Most of the geophysical 
methods can be applied only cm an indirect basis, and it is not alway.s possible to give precise 
data concerning tho 8ub-8urfa.ee features. Nevertheless, there often exist enormous diffei'cnces 
in the physical properties between tho alluvial formation and tho bed-rock, and by using aj)i>ro- 
priate technique of measurements clear indications of the sub-surface bcd-j-oc k ioi)Ography may 
be obtained. The method should not, in any case, be looked upon as capable of fmnishing the 
exact depth to bed-rock at any given point in the sense that a bore-hole is able to furnish. It 
should not also be thought that drilling can be entirely dispensed with, if geophysical methods 
are employed. At best, the geophysical indications can give only an idea of the order of depth 
to bed-rock in the area. After a feasible site is selected extensive drilling will have to be carried 
out for checking the results of the geophysical survey and preparing the designs and estimates. 
It is in the exploration of alternative sites, that the drilling methods become too slow and very 
costly. A direct probing even by means of the simple ponetre meter method spoken of by Dr 
K. L. Rao, is usually costlier than the geophysical methods. However, the pcnetroinotor can 
be used only in loose sands, and even so the results can be somt'timcs misleading. 

The geophysical methods played some part in the preliminary investigations of Kainapada- 
sagar project.* Prior to 1 944, some boreholes had boon put down which showed that tho alluvium 
in the bod of the Godavari river extended to a depth of some 200 feet. For the dam, more than 
nine alignments — each of them a niile or more long across the river — in a. strip of country covering 
a length of some 12 miles, were proposed for investigation. The problem of finding tho depths 
to bed-rock in this large area solely by drilling methods was a formidable job, and would have 
taken a lot of money, and many years to complete the work. The exploration of tho bed-rock 
topography by using the electrical resistivity method was carried out at a very small cost and 
within three months. 

Although the electrical resistivity methods proved useful in the investigation of this project, 
as also in the investigation of the Gandikota and tho Somasila gorges of the Pennai* river, I would 
like to emphasize that tho Seismic method would have given us far more satisfactory results, not 
only in the estimation of the depth to bed-rock but also in furnishing useful information on the 
compactness of the rock from the calculated data on the rate of transmission of elastic waves. 
We have not been able to use this method for want of suitable instruments, but attempts are being 
made to get them from abroad. 

The geophysical methods can be particularly helpful in locating hidden structuies such as 
faults, shear zones, and vulnerable geological contacts in dam sites, tunnels and waterways, 
where rocik formations are covered up by thick soil, debris, or alluvium. The preliminary 


♦ Geophysical Investigations for Selection of Site for Ramapadasagar Dam across the Goda- 
vari River in Madras, South India, by M. B. R. Rao, Trans. Amer. Inst. Min. and Met.^ Vol. 181 
(1944), pp. 68-98. 
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examinatior; by geophysical methods might help in properly orientating the detailed investiga* 
tions for tjie project. 

Furthorinore» the geophysical methods could be used in the river valley projects for the 
location of concealed deposits of sand, gravel, clay, etc. required as constniction materials, Tr» 
the IJnitcjd States of America the Bureau of Public Roads, the Army Corps of Engineers, end 
some of the State Surveys have been using geophysical methods. A few of the Bureaus h^ve their 
own goojDhysioal staff to carry out the investigations regularly. In India too, there has been 
an increasing appreciation of tiio usefulness of the geophysical methods in project investigations, 
and the Geological Survey of India has been carrying out the geophysical investigations when- 
ever the application of these specialized methods is called for. 

Mr. K. IC. Dutta pointed out that while many speakers have discussed the importance of 
planning and designs in multi-purpose river development projects, none has said anything about 
the importance of procedure, and the care and precautions necessary during constioiction. The 
multi-purpose projects envisage major constructions like dams, weirs, barrages and powerhouses. 
Masonry, concrete or earth -fill will be used in different structures. In these constructions, speci- 
fications con(;eming concrete, the properties of cement and aggregate, may be found out by re- 
searcih. Further, tlie nature of the available soil materials, and the proportions in which they 
will be mixed, as well as tlie procedure of laying, and amount of rolling necessary, will be suggested 
by the soil m(‘chimics expert. It should also bo regarded as imperative that the stipulations 
given by the specaalists are acfually adhered to during construction. Ho pointed out fi’om 
his experience of different dam sites in India, that oxcavaticn down to a sound foundation, and 
tho trt^atrnont of those foundations before masonry or concrete are jjlaced, is essential for their 
safety. Careful supervision in all those stages of construction is very important. 

Dr. 8. L. Hora commented on two statements mode by Dr. K. D. Kao in his remarks — 
utility dams and history of dam -construction dating as far hack as exactly one hundred years 
so far as South India is concerned. As regards utility dams, there arc Tamil, Telegu and Canarese 
inscriptions wliich show that iiTigation tanks were started by the Pallava kings as early ns the fiih 
century A.D, Up to the 1 1th century, there is no mention of any other purpose for which these 
tanks were constructed, though in a Tamil inscription dated 1010 A.D. there is a mention of 
fishermen, s}>owing thereby that fishery of these tanks was also exploited. In the begiimiiig of 
the 12th century A.D. wo find a treatise on angling and fish -culture in tanks by ^omtAwara in 
Manasollaaa. In all the Tamil inscriptions of 14th to tho 16th century A.D., wo find that tho 
fiah-lefxse money was considered sufiicient for desilting and repairing the tanks. Thus from a 
unipurpose utilitarian irrigation tank we find the evolution of a multi-purpose irrigation-cum- 
fishory tanks as early as the 14th century A.D. 

Dr. N. R, Dhar: Many speakers have emphasized that India will be able to produce much 
more food wd\en the inuh-i -pui*poBe projects are completed. The food position , however, is extreme- 
ly difliciilt due to the large increase of population year after year. Since 1911 the production 
of cereals like w heat, rice, jawar, bajra, ragi, in Indio and Pakistan, has rc mained constant, in spite 
of tlie drive of ‘GROW MOKE FOOD CAMPAIGN*. The annual cereal production is 60 
million tons per year. Tho world production of cc^roals today is nearly 600 million tone. If 
tho (jeroals produced in tlie world wore equitably distributed, each human being living in this 
w'^orJd woulcl liavc nearly^ 3,200 calories per day. The world production of potatoes, milk, meat, 
fish, v('getnblo8 and other l?ettor food materials is approximately 4(10 million tons per year. In 
other words, the amount of cereals on which the oriental people subsist and which is produced in 
India and Pakistan, is only one- tenth of the world production, whilst the population of India and 
Pakisf an is approximately one-fifth of the world population. It is clear, therefore, that India is 
terribly underfed. This position cannot improve very much oven by an increased irrigation and 
the supply of nitrogen plant food materials because of the compensating agent, that is, the large 
increase of population. 

There is a very important consideration which has not been touched so far. It is well known 
that the watei retention capacity of a soil is controlled by its organic matter content. Soils in 
tropical countries ore poorer in orgiuiic matter than soils in temperate countries. Roughly, tho 
organic matter content of Indian soils is one-third or one-half of soils in cold countries. Hcmce, 
when rain water or flood w^ater falls on the soil, it runs off far more readily from our soils than 
in cold eounti’y soils. This is a very importemt point which has to be taken into account in cal- 
culating running off water. The most important need of soil improvement is to increase the 
organic matter. 
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FLOOD CONTROL 


C, Majumdar, I.8.E, (Retd,), Consulting Engineer to the Government of West 

Bengal, Calcutta 

(Communicated by Dr. W. D. West, F.N.I.) 

Summary 

The problem of flood is intimately connected with the problem of river conservation — 
conservation not only of tho river channel proper but also of the rainfall within tlio catchment 
area. The method devised by nature for tliis purpose consists of absorption by the subsoil of a 
substantial portion of rainfall thereby reducing the run-off which not only reduces tlu^ intensity 
of floods and soil erosion but, being gradually released by percolation, maintoins the river flow 
throughout the year. It is interference with this natural economy by destruction of forests and 
other harmful acts that is responsible for most of our river problems, yjart icularly flood problems. 
A certain amount of interference is inevitable owing to pressure of populat ion and to meet tho 
growing needs of civilization, giving rise to a conflict between tlie needs of the river and those of 
man. This should be resolved with tho aid of our advanced s(d('ntific knowledge and reso'nrc'h. 

Flood control measures can be broadly classified as {a) prev’^entive and {h) remi'diol. Tlie 
former aims at restoring the natural economy by efficient presf^rvntion of forests and other 
measures designed with the object of reducing the rate of run -off and preventing soil erosion and are 
more important as they deal with the flood problem at its source. Of the lattor, flood -embank- 
ments are very common, but having regard to their evil effi^cts fully discussed in the main paper, 
they cannot bo recommended except for tlie protection of imy^ortant vost-cd interosls. Among 
other remedial measures, the most important are flood moderating reaer\^oirs. They are not, 
however, likely to bo financially feasible unless tho objective is widonefl and the reservoir is 
designed on a multi-purpose basis so as to develop and bring for the use of man potential river 
wealth in its various aspects, such as irrigation, navigation, power, eitc. These objectives are 
not conflicting but complementary and are essential for raising tlie economic standard of tho people. 

For optimum development, our rivers should bo treated as individual units irrespective of 
political boimdaries. In the new constitution, power has boon given to tho Government of India 
to legislate in respect of inter-State rivers and a Bill will shortly be placed before Parliament. 
Some suggestions are offered in the main paper as to tho organizational and legislative require- 
ments for efficient conservation of our rivers and their opt.jmum development on a multi-purpose 
basis so that necessary provision may bo made accordingly in the proposed Bill. 

Flood problora is intimately connected with the problem of river conservation — 
not only of the river channel j)roper but, what is perhaps more important, conserva- 
tion of the rainfall within the catchment area. Nature’s method for the conservation 
of rainfall as compensation against its erratic distribut ion is to have the ])ro(d}>itation 
partly in the form of snow if there is any catchment area at sufficiently high altitude, 
and what is more important, to absorb into the subsoil and store underground a 
substantial j)ortion of rainfall which while reducing tho run-off' and the intensity of 
floods, maintains the river flow by percolation throughout tho year when there 
is no rain and no surface flow to maintain it otherwise. Tho utility of a river to 
serve our various needs mainly depends on this compensating action provided by 
nature which, again, depends on the condition of tho catchment, i.e. whether it lias 
sufficient area under vegetation, particularly deep forest, which retards run-off* 
thereby reducing the intensity of floods and their si It -content, and increases tho 
portion of the rainfall which is absorbed and stored underground to maintain the 
river flow by subsoil percolation during the dry weather. It is interference with 
this natural economy by destruction of forests and by other harmful acts in the 
catchment areas and in the river channel that is responsible for most of our river 
problems, particularly the flood problem. To meet our growing needs, we want 
regular supply of water but by our action, we are making the distribution of river 
flow already faulty, still more irregular. This adversely affects all the fields of water 
uses and particularly aggravates the flood problem. Apparently, there is some 
conflict between the needs of the river and those of man as with the growth of popula- 
tion certain amount of interference with nature’s economy is unavoidable. Room 
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has to be tbimd tor the growing poj>ulation, while their needs from the land including 
the forests, now rapidly increasing with the progress of civilization, have to be met. 
This cannot bo stopped but the process should be rationalized with the aid of our 
advanced scientific knowledge, by intensive study and research, so as to efl^T'^a 
reconciliation between those conflicting interests. 

Flood control measures (*an be broadly classified under two categories: 
(«) preventive and (^>) remedial. As prevention is better than cure the former are 
more important, such as efheiont preservation of the existing forests, affoiestation 
where possible, rational land management, contour trenching and bunding and 
terraced cultivation along hill 8lo})cs, all designed with the object of reducing 
the rate of run-off and preventing excessive soil erosion. They attack the flood 
problem at its source and help in reducing the intensity of flood, im})roving the dry 
weather flow and, at the same time, owing to less silt charge of the flood water, help 
in conserving the liver channel by natural action. Those measures, which do not 
involve mucli of caj)ital ox])endif ure but mainly require organizational effort including 
research and legislation, will, in my o])inion, help considerably in reducing the depth 
of flooding to a safe level. This, while permitting the land building activity of the 
rivers to jirocecnl, gradually raising the land and fertilizing it, will at the same time, 
maintain the drainage system in fairly effi(‘ient c‘ondition duo to scour of the silt in 
the river beds hy the clear water drained back from the land. In deltaic* area, which 
is the region mainly affeeded hy floods, this is liow the rivers maintain themselves 
in nature and the aim of controlling measures should be to allow these beneficial 
activities of the rivers to function, subject to the depth of flooding being reduced to 
a safe level. 

Remedial measures are measures designed with the object; of controlling 
the flood after it lias entered the river with a view to minimizing flood damages as 
far as j^ossible. The most common is the construction of marginal flood embankment 
and as the cleterioration, it causes to the river cluiimel and the drainage system, in 
public health and productivity of the soil, takes years to manifest itself, it has hitherto 
boon accepted as an ofh'ctive protection against floods. If it were possible to imagine 
a river with non-erodible boundary and carr\ing no silt with the run-off from the 
catchment basin, embankments would certainl\ have been a permanent remedy 
against floods: hut the ])roblem is complicated by the all-important silt-factor, viz. 
the silt which the river brings from its catcdimont basin as also the silt wliic*h it jiicks 
up from its erodiblo boundary on the way. In the economy of nature this silt is 
intended to be carried with the flood spill so that it could raise and fertilize the land 
and reduce the silt content in the river-channel to what its velocity could trans])ort. 
Confinement of the flood within the river by means of embankments disturbs this 
arrangement and a portion of the silt in excess of what the river can trans[)ort, 
deposits in its bed gradually reducing its carr^ ing c*aj)acity. This causes higher and 
higher flood level to carry the same volume of flood necessitating higher and stronger 
embankment. 8o the deterioration of the rivci proceeds until a stage is reached 
when it is no longer possible to offer protection against floods by means of evarthen 
embankments. 

Embankment, therefore, offers no permanent solution to the flood-problem. 
At best, it is only a temporary expedient and puts off the evil day to future generations 
when owing to various vested interests created, and due to deterioration in the 
drainage system, in public health and productivity of the soil in consequence of the 
stoppage of beneficial flood spill from the land by embankments, problems are created 
which are almost insoluble. Even as a temporary expedient it can hardl^^ bo con- 
sidered as a sufficiently effective protection as it is impossible to avoid breaches in 
(Wirthen embankments and the destructive effect of (‘oncentrated discharge through 
breaches is more serious than gradual inundation, 8|>ecially as the flood level relatively 
to the land gradually rises as a consequence of the embankments. It no doubt takes 
years before the evil effects of embankments are actually felt : this very fact makes 
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them rather risky expedients, as vesteci interests are created which stand in the 
way of any bold solution being adopted in future. 

In Bengal, where the flood embankments were perhaps constructed the 
earhto. t in India, their evil effects are being felt rather seriously as in several parts, 
tracts formerly healthy and ])rosperous have now become hot-beds of malaria owing 
to the deterioration of the drainage system ; land is l3dng fallow owing to tlie growing 
decrease in the productivity of the soil and population is declining. In the deltaic 
tracts of East Bengal, on the other hand, whore there are no embankments and the 
land is annuall^^ inundated by the beneficial flood spill of the ( jianga and the Brahma- 
putra-Jamuna rivers the people are healthy a.nd ])rosperons. Not having any false 
sense of security^ as would be given by the flood-embankments, tlun have their 
houses built on earthen mounds above flood-level and follow agricultural ])racti(‘es 
suitable to the flood conditions. In fact, this area is one of the richest agricultural 
tracts in India. Having regard to our experience in Bengal construction of flood- 
embankments cannot be recommended, except perhaps for the ])rotection of ira])ort- 
ant vested interests where there is no other alternative. 

This has no doubt been written on the basis of my experience })arti<‘ulai Iv 
in deltaic Bengal and there are also instan(‘es where beds of embanked rivei s have 
already risen highei* than the country level. It ap])ears that the c^ondition ol' 
embanked rivers in China is not better and perhaps worse in the case of the Yellow 
river of which the bed is reported to have risen about 4 metres abov-t^ the adjacent 
(countryside. Another important evidence as regards the evil effects of embankments 
that has recently come to my' notice relates to the (^a.j)ital of Assam built sev(wal 
(centuries ago in the Brahmaputra valk^y near Sibsagar by tlie late rulers (Ahoin 
kings) of Assam. The area which was ywotected by flood embankments is now a big 
swamp several feet lower than t he surrounding country level and it is imy)ossible to 
drain it by gravity^ This has undoubtedly Ixxui caused by^ the stoj)pago of land 
building occtivities of the river within the embanked area wliich, in conserpience, 
has remained at the siimo level or has jwobabty been lowered due to surface erosion 
caused by the local rainfall, while the surrounding land subjected to inundation by 
the silt-laden flood and the river -l)ed8 have been gradually raised. 

(Conditions obtaining in other (countries are not definitely known. But 
in view of the simplicity of the design and construction of earthen embankments 
and the fact that their evil effects are not felt till after a long time, and consequently 
the people are temj)ted to take recourse to them for their immediate benefit, often 
reclaiming tlie land prematurely yairticularly in tidal areas, they are likely to be very 
common in deltaic areas. It is, however, possible that owing to the differences in 
climatic conditions and ])articularly differences in the silt charge of the flood water 
their evil effects have not been quite similar. Having regard to the seriousness of 
the position briefly referred to above organized effort on international level is urgently 
required so that experience gained from various countries can be compared an(i after 
critical study of the data collected necessary action can be taken, keeping in view 
not only the immediate benefit to be derived from these embankments but also their 
ultimate evil effects as regards health and productivity of the soil on which will depend 
the well-being of the future generations. 

Other remedial measures that can be considered are : — 

(а) Provision of adequate openings in the railway and road embankments 

and removal of obstructions to the free flow of flo(xi w\ator ; 

(б) Provision of flood escapes ; 

(c) Improvement of spill and drainage channels ; and 

(d) Construction of flood moderating reservoirs. 

The aim of (a), (b) and (c) is to reduce the depth of flooding and its duration by^ efficient 
drainage. They permit land building activities of the rivers in the deltaic area to 
continue, which as explained before, being part of nature’s economy, should be 
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allowed as far as possible. Combined with adequate preventive measures referred to 
previously, they might even provide adequate protection against flood-damages unless 
the deterioration of the river and soil erosion in its catchment basin have alrea^ 
reached an advanced stage necessitating recourse to (d) in addition. Havipg^^^ard 
to the heavy cost of flood moderating reservoirs, however, prudent course would be 
to take timely action with regard to the preventive and other remedial measures 
so tha.t their necessity may be avoided as far as possible. 

The object of flood moderating reservoirs is to impound a portion of the 
flood temporarily and release it gradually, thereby reducing the intensity of the flood 
to what the river channel below can safely carry without causing any damage. Reser- 
voirs constructed with such a limited objective cannot, however, be financially 
self-supporting, as more yjrotection of an area from flood can hardly be expected to 
yield any substantial revenue. If, however, the objectives are widened and the 
reservoirs are designed on a multi-purpose basis so as to include development of the 
potential wealth of the river in other respects as well, as far as practicable, such as 
navigation, irrigation and power, the revenue derived from the various sources might 
make these projects financially feasible, if not actually productive. For this rea,son, 
rauJti-j)ur})os0 Reservoir Projects are now finding favour in India, particularly having 
regard to the immense benefits that are being derived from similar development of 
the Tennessee river in the United States of America under the direction of the T.V.A. 
Fortunately, these objectives are not (conflicting but more or less complementary as 
the water impounded within the reservoir while relieving flood congestion lower 
down the river can be utilized for power generation, irrigation and navigation pur- 
poses. These latter objectives will no doiibt require permanent storage : but as they 
are all rovenue-jjroducing the extra cost involved can more than be recouped. 
Besides, liaving regard to our occonomic backwardness in India which is attributable 
primarily t o the long neglect in developing our natural resources, the development of 
our potential river wealth, which India undoubtedly possesses in plenty, is essential 
for raising the economic standard of the people. 

But whatever may be the objective, whether it be flood-moderation alone 
or the ot her objectives are also combined, the first and essential requirement is efficient 
conservation of the river. Within the limitations imposed by nature in the matter 
of errat ic distribution of rainfall over which we can have no control, we must try to 
stimulate the (^oinponsatiug action provided by nature by rational treatment of the 
catchment basin already explained, so as to equalize the river flow as much as possible. 
Secondly, where the j)ossibility of utilization of this fluctuating daily river flow has 
alreiidy been exhausted as in India, to meet the ever-increasing demands for water 
uses, in the various fields, particularly in irrigation raj)id expansion of which is 
urgently necessary to be able to feed the rapidly growing population, we must go in 
for storage schemes, i.e. impounding portions of the floods which now run to waste, 
often causing extensive damages and utilizing the same to supplement the river 
flow when it is otherwise inadequate to meet our various needs. The storage schemes 
being usually rather costly their revenue -producing potentialities in the various fields 
should be developed to the maximum extent possible so as to make them financially 
feasible, or in other words, they should be designed as comprehensive multi-purpose 
scdiemes embracing as many of the objectives of stream control as may be technically 
and ec^onomically feasible. 

Technical feasibility of reservoirs, however, depends on the availability of 
suitable sites which are only found in the Hilly x>ortions of the river valleys where 
there may not be sufficient scox:)e for utilization of the water and which may be beyond 
the jurisdiction of the jjolitical units whore such utilization is not only j)ossible tech- 
nically and economically, but is also necessary to ensure sufficient revenue return 
against heavy financial commitment that has usually to be made in executing these 
schemes. This raises a number of complicated problems regarding loss of land to 
be submerged by the proposed reservoirs, water-rights and equitable apportionment 
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of the water which have to be solved to the satisfaction of all concerned before any 
progress can be made. Hitherto, this has been one of the major obstacles in the way 
of our proceeding with the river development projects as rapidly as could be desired 
anJ making the country self-sufficient as regards food. As most of our major rivers 
flow through more than one state many of our important develox)ment projects have 
been held up for years duo to lack of agreement in the above rosj)oct8 among the 
different political units concerned. 

A fundamental point that emerges from the above review is that both for 
general conservation as also for o})timiim utilization of their water, including flood- 
control, which are essential for raising the economic prosperity of the j)eople, 
rivers should be treated as individual units irrespective of political boundaries so 
that comprehensive plans may bo made for each major river basin, giving duo con- 
sideration to the rights and needs of different political units, maximum ]) 08 siblo 
dovolo}>ment of the river potential and also their economic* utilization. Hitherto, 
the Government of India had no constitutional power to ensure observance ot this 
fundamental principle by legislation. This power has, however, been given in the 
new constitution and a corajirohensivo Waterways Bill will bo placed before* Parlia- 
ment shortly. I should like to take this oppe^rtunity to express my views as to the 
organizational and legislative reepurements for efficient conservation of our rivers 
and optimum utilization of their water on multi-purpose basis for due consideration 
in drafting the Bill. 

As regards the organizational requirement, it does not seem to be desirable 
to entrust responsibility for river conservation solely to individual states wdio are 
direc'tly benefited by its ex])loitation. In that case, having regard to the natural 
tendenc'y to minimize and even ignore the adverse effect on the river so long as its 
exploitation brings in immediate benefit, nothing substantial will really bo done. 
Though the ideal arrangement would appear to be to entrust this responsibility to 
the Centre it is not likely to work efficiently in practice as the task will be much too 
unwieldy for a single organization, having regard to the largo number of rivers to be 
conserved m this sub-continent. Besides, c o-oj)oration of the states, particularly 
the local knowledge eff their technical staff aj)poar to bo essential. It is therefore 
suggested tliat Inter-State Organizations consisting of representatives of interested 
states and of the Centre with adequate statutory powers and resources should be 
formed, ultimately one for each of the major river basins, to undc^rtake responsibility 
for conservation and, as regards initiative, also of exploit atiem of rivers. In a largo 
basin like that of the Ganga, it will also be necessary to c*reato regional authorities 
for execution and maintenance of important inter-state schemes. The necessary 
co-ordination bc^twoen the different regional authorities will have to be eff'oc‘tod by 
the Main Basin Organization and as between contiguous Basin Organizations by 
the Centre. Necessary provision should be made in the proposed Bill to enable the 
Union Government to constitute these bodies witli adequate powers and resources. 
With regard to the latter, it is suggested that a cess should be levied on the fruits 
of exploitation of rivers (irrigation, navigation and power) and plac*ed at the disposal 
of the Basin Organization to finance the conservation measures. 

Provision should be made in the proposed Bill for quick settlement of 
inter-state water disputes. The following principles are also suggested for considera- 
tion and inc lusion in the Bill. The Union Government should have powers to author- 
ize construction of schemes considered necessary in the interejst of social welfare and 
general progress of the country even in spite of the opposition of recalcitrant minori- 
ties subject, of course, due regards being paid to the legitimate rights and obliga- 
tions of the various riparian states concerned. These rights and obligations should 
be defined in the Bill in principle. For instance, apart from the right of prior appro- 
priation which has to be conceded, right over the balance of water-resource available 
in any particular river-basin should be governed by the needs of the various riparian 
states and the obligations should include : — {a) rational treatment of the catchment 
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basin unfl(‘r tiai genoral control of, and, j)orlia})8 with a Kuhsidy from the Main Basin 
Organization roforred to above ; (h) general control by this body, as regards broad 
outlines only, of schemes initiated by any state which involves extraction of sub^ 
stantial quantity of water from the river; and (c) finally as regards intor-state.-i>^Ter 
development schemes, giving due facilities for tlieir invest igtion, execution and 
maintenance. 

To ])revent sabotaging of ])romising schemes indirectly by any state, the 
f)ro})Osed Bill slioiild als(» lay down definite ])rinci])los to regulate land compensation 
and rehabilitation. Por this ])ur])oso, j)rovision in the L.A. Act should form the 
basis of compensation subjec't to the right of ap])cal to the Supreme Court. Some 
(‘OiK’ORsions within reasonabJ(‘ limits seem justified for rehabilitating largo numbers 
of displaced population in tint case of reservoir seliemes. Tn this eonnoetiou, the 
Engineer also has an obligation to reduce the area, of permanent submersion by the 
reservoir to the minimum extent ]>ossible, ]>articularly as regards cultivated and 
cuUurable waste lands. Loss ot food by |)ermaTient submersion of cultivated land 
in the interest of irrigation and Hood control can certainly bo jiistifiod as the loss will 
bo recoii])ed many 1 ime^s over b\ 1 he ]>roj(‘ct . But in view of 1 lu‘, acute focxl shortage 
in the country, large additions to tlu^ submersion in the interests of power alone can 
hardly ho justified. Prodindion of hydel power i.s certainly ]ioc(sssary but in the 
inteirest of our food economy, loss of cultivated and cu]tura})le land should be avoided 
as much as possible, as making th(’> conntr\ sell-siifti(*i(uit as roga/rds food should 
be given the tojimost priority in all our activities Subject to the above remarks, 
the people who will have to b(‘ un<i voidable dis])laced b> th(‘ reservoirs should have 
the right to doinaud rehabilitation at the cost ol the ])roject in lieu of cash compen- 
sation. But su})jo(‘t to tluur pn'seiit economic standanl not being lowered which 
should h<* treated as the minimum, standard of roliabilitation should he so fixed 
that the cost may not materiall\ (‘xcecd the moue\ (*om{)ensation as assessed under 
the L.A. Act. If any stale wants a higher standard being fix(‘d for rehabilitation 
as a p(irt of general rural Ti])lil‘t, it should be ]>repared to l)oar the extra cost. 

A further suggestion that occurs to me for rediK-ing the oxtcuit of rehabilitation 
is that, provided the local condition is favourable tlu^ accpiisition within the 
reservoir area mav be limited to lull siq)]>l\ l<‘Vol with [)erha])H a little margin, as 
the higlier land wliich will bo submerged only temporarily for a few hours at a time 
during the jiassage of floods is not likely to suffer any material damage hut may o\"on 
bonofit by oixxisional Hushing with .silt -laden Hoods. The ])resent agricultural 
}>rae1ice in the latter area need not be interfered with thougli the homesteads will 
have to he shifted and liousos re-erca ted on higher ground close by above the designed 
Hood-levol, at the cost of the project. This is all the more necessary as the modern 
tendency is onormouslv to increase tb<^ design flood. Though the probability of 
its occurrence is ra-tlier remote, having regard to the magnitude of' the damage that 
would be caused by th(' failure of a dam, the engineer has to make necessary arrange- 
ment i'or its saf(‘ disjaisal. But this does not necessarily mean jirovision of costly 
flood-gates to bo imported from foreign countries, apart from uncertainty of the 
delivery position during the present grave international situation. Nor would it be 
j\i8tifiod to incur hcwi\\\ expendiltire on river protection works below the dam as 
such a eatasiroj)hic flood, if it over occurs, must necessarily be of very short duration. 
Tn my opinion, it should be sufficient il' these works are designed to suit the highest 
recorded flood with some ma.rgin. For disposal of still higher floods all tliat seems 
necessary is to strengthen the dam [)rofile so as to suit the design flood level and 
allow the flood to rise temporarily and gradually s])ill over the dam. In this process 
of rising, the flood absorption ca]M»city of the reservoir will also be enormously 
increased wliioh uill reduce the ])eak rate of flood s])illed over the dam and con- 
sequently its dostriu’tivo ca])acity lower down considerably more than if it were 
attempted to work the reservoir to a fixed level at F.8.L. and dispose of the floods 
by controlled gates. 
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SUMM\RY 

Most of the importaijt rivers of the country were navigable almost all the year round till 
about the middle of the last century. With U)o construction of railways nod big irrigation works, 
inland navigation began to be neglected. Railways were allowed to gain rnonoj)oly in the field 
of transport. Rivers were tapped for irrigation without regard to tlio adverse elfect of withdrawals 
on the navigability of the channels below. Conservancy of waterways not so affected -was also 
neglected except in areas where alternative mearlte of transport were not fcuisiblo. Rnough atten- 
tion to the problems was not paid even in sucli regions. 

This negl(*er appears to have boon eonfinod to India ah>ne. In other eoimtries, especially 
of tho West, it was at about that time that inland navigation began to receive more attention. 
Great works of improvement were undertaken in Franco, Belgium, Germany, etc. The experience 
in such countries has bcjcnthat greal industries got s()t up along tho waterways and water-borne 
traffic grows to tremendous volumes. 

River transj)ort in general io much cheaper than any otlua* form of transport. Exporienct* 
ill India during tho last war has shown as to how precarious it c;an be to dojicnd on any one form 
t)f transport in emorgoncies. Both for stratc'gical and economical reasons inland waterways of 
the country have, therefore, to be improved so as to be navigable. 

Partition of tlie coimtry has raised further problems. The natural watci-ways of the countiy 
on the east have got <ait uy> and intor-eommunicatiori between parts of India through them has 
become difficult. Altiiougli bot h Pakistan and India an' signat orji's to the Barcelona Convention, 
difficulties have been experienced in moving goods from one of India through Pakistan 

waterways to another. Those em])hasizo tho nece.ssity of jdanning projects which will enable tho 
difficulties to be ovorcorno. 

Hitherto tho training works have been desiginxl to improve tho channels to accommodate 
existing out-of-date rtraft. Owing to lack of iucontivo, no im 2 )rf>veinent in the design of craft, 
both indigenous and foreign, has taken place during the last century. This will have to be reme- 
died and more rational designs of craR introduced. 

There need bo no fear of water transjiort becoming a competitoi’ of road and rail transpoi’ts. 
There are certain tyfies of cargoes which for economic reasons aro best carried by one or the other 
mode of transport. As both rail and road systems of transport iiave boon nationalized, it will 
be essential to plan improvement in water transport on the basis of co-ordination. 

Withdrawal of water from rivers for the purpose of irrigation is essential. Tho only means, 
therf^fore, of improving navigability of channels is to plan for storing water during the periods in 
which it is in excess to be utilized both for iiTigation and navigation during tho pt^riods when 
tho natural supplies are loan. Projects for im 2 )rovement of waterways havi», therefore, to be 
planned on a multi -purjjose basis. 

Most of the projects now under constructi<.>n have navigation as one of tho important features. 
Important ones are Damodar in Bihar and Bengal, Ganga Barrage in Bengal, Hirakud in Orissa 
and Kakrapar in Bombay. Possibilities of extending inland navigation are vast. It will be fea- 
sible to connect tho western and eastern coasts of the country by means of channels capable of 
being navigated by crafts of fairly deep drafts. 


History of ialand navigation in India for tlio last ono hundred years or so is 
the history of neglect of water trxinsport and the country’s magnificent waterways 
which used to be navigable almost ail the year round. On the Ganges, according 
to Thornton's Gazetteer of 1854, steamers used to ply as far up as Garhmuktesar, 
about 400 miles above Allahabad. And up to Kanpur, about 140 miles above Alla- 
habad, according to the same authority the river was ‘plied with much activity, the 
reach of the river at that Military station having the appearance of a port on a small 
scale’. Similarly, there was considerable boat traffic on almost all the rivers of the 
Punjab. Indus was navigable up to Dera Ismail Khan, 800 miles inland. On the 
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wostorn coast rivers like Narbada and Tapti were used by boats of all sizes but to 
only small distances inland. In the eastern part of the country, owing to difficulty 
of constructing roads, the main channel of communication was the wonderful 
waterways with which Nature had endowed the country. In the South also, there 
was considerable boat traffic in the Godavari, Kistna and Cauvery deltas. 

The decline began with the construction of the railways in 1855. In the begin- 
ning the construction of the main lino acted as a stimulus to the river traffic as a 
feeder to the railway. Construction of branch lines, however, deprived the rivers 
of this rolo. Bulk of river transport was handled by country boats, which depending 
as they did for their movement on the velocity and direction of wind and water were 
slow. They wore not organized, and therefore, were not able to give the security 
and safety which were offered by railways. Consequently, both goods and passenger 
traffic began to bo diverted to the railways in larger and larger proportions. 

At about the same time big irrigation projects were planned and executed, 
which resulted in witlulrawal of largo quantities of water from the rather meagre 
winter supplies of the rivers, making navigation conditions in the upper reaches 
difficult. In the first, few projects arrangements such as locks in the weirs and at 
canal falls wore provided for navigation in the irrigation (channels. But very res- 
tricted use was made of the alternative. Probably because, whereas navigation 
through tlie river was free, the use of canals entailed payment of tolls. Besides, 
most of the important places j)reviously served were situated on the rivers while 
the canals passed through rural areas. As extension of railways progressed side by 
side, no attention was paid to training the depleted rivers to afford navigational 
depths. In the deltaic ])ortions, whore railways wore difficult to construct and 
navigation was the only moans of transj)ort, some conservancy measures continue 
to bo taken even now. 

In Euro])o, on the other liand, in spite of the fact that railway communications 
exist ed and w(^ro being extended as in India, great works for improvement of inland 
navigation w'oro undertaken. Between 1875 and 1900, German Government executed 
a programme of river improvement, and artificial waterway construction at an enor- 
mous ex])enditure of nearly Bs. 66 crores. The Rhino, in which only small vessels 
of very shallow draft could navigate as far as Strausboiirg, was converted into a 
deep (ffiannol capable of taking ])arges of as much as 9' draft as far as Cologne, while 
vessels of over 600 tons ca])acity could now go as far as Strausbourg. The incu’oase 
in traffics as a consequence of this work was tremendous. Between 1882 and 1902 
tlie inland German fleet was trebled to coi)o with the im^roased traffic. Amount of 
coal transported from Dortmond rose from a little over 12J million tons in 1870 
to 60 million tons in 19CK). It is of interest to note that the region was also served 
by a very efficient and a fairly c;hoap railway system. As a matter of fact, it is said 
that the railway system in the locality was about the cheapest in the whole of Europe. 
It is due to the existence of German waterways that German industries flourished 
as they did before the war. Fram^o, Belgium and Holland also developed their 
waterways in the wake of the German effort. Russians, after the first World War, 
planned to link up the White Caspian, Azov and Black Seas by a continuous water- 
way capable of taking 10,000-ton sliips as far as Moscow from the Black Sea and 
10,000-ton barges carrying oil from the Upper Volga to Leningrad. 

Water transport is generally much more economical than any other means 
of transport. Although slow, lack of speed is more than made up by the great 
bulks that can be handled at a time with suitable craft. Weight for weight fewer men 
are required to man the cargo. Capital cost of equipment and maintenance and 
construction of necessary works are, if anjdhing, cheaper than the railway system. 
In the western countries the freight charges are generally J to J the charges by 
rail. Water transport, therefore, should have suited better a poor agricultural 
country like India where sjieed was not an important factor. But political reasons 
outweighed economical reasons, and while the State helped extension of railways 
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by guaranteeing minimum profits and extending other facilities, inland navigation 
was left severely alone to fend for itself. Duo to this neglect inland navigation is 
practically dead in all parts where road and railway network has spread. In rijmrian 
areas country boats still carry local traffic over short distances along the cliannels. 

Steam vessels have never been used extensively on the waterways of the country. 
Their use was mainly confined to the eastern parts comprising Assam, Bengal and 
Bihar. As the operating concerns were practically monopolistic, having no competi- 
tors in the field, craft has remained old-fashioned. And, whore owing to extract ion 
of water for irrigation the deptlis of channels became less, the services wore witlidrawn 
instead of introducing newer craft suitable for lesser depths. In other countrit^s 
there has been a progressive improvement in the design of craft and shallower and 
shallower drafts have been the aim, so that the routes can be extended instoiid of 
contracted. The strength of fleet has also remained almost static tlirough all tiieso 
years. The neglect, therefore, appears to have not only been confined to main- 
tenance of channels but also to improvement of equipment and craft. Duo to lack 
of competition, there was no incentive for the existing trans})ort organizations 
to improve craft. The State did not think it worth while to interfere either. So 
much so that even today naval architecture does not figure as a subject of study in 
the curricula of the country’s various Engineering Institutions! During his inspec- 
tion of the few workshops that exist in Calcutta for construction of flat s, Mr. Otto 
Popper, a Navigation Expert of Economic Commission on Asia and the Far East, 
recently invited to India, remarked that the designs of some of the craft being built 
were antiquated and extravagant. 

Partition of the country has had further unfortunate effect on inland navigation. 
The Eastern States of the United India have been so cut up that Assam has now no 
direct viator link with West Bengal, and West Bengal has lost her connexion with 
the neighbouring States of Bihar and Uttar Pradesh. Inter-f^oramuni( nation between 
these means passage through nearly 400 miles of Eastern Pakistan. Although 
both countries are signatories to the Barcelona Convention, wliich provides for free 
passage of traffic from one country to the other, recently passage of goods from 
Assam to West Bengal became not only difficult but almost imjiossiblo. Jute and 
tea dispatched from there were held up in Pakistan affecting the industries in West 
Bengal and India very adversely. 

Another adverse effect of the partition has been the gradual withdrawal of the 
operating fleet to Eastern Pakistan. No blame can be attached to the oj)orating 
companies, as Eastern Pakistan offers a compact unit for operations. While in 
Indian waters due first to trade barriers between the tw'o countries and secondly 
inter-State restrictions on movement of goods within the country itself, operations 
become both vexatious and uneconomical. 

During the last war, when the operation theatre was near the borders of the 
country and transportation of supplies in much larger bulks than had ever been 
known before had to be effected from one part to the other, it came out that the 
railway and road system which had been built up, and wore considered t o be sufficient, 
were hopelessly inadequate. Frantic efforts to make use of the existing waterways 
with patched up equipment were made but proved unsatisfactory. 

Both, therefore, for economical and strategical reasons, it is absolutely necessary 
not only to rehabilitate navigation but also to extend it as far as possible. The 
case of Europe has already been referred to. Improvement of navigational channels 
brought in its train industrialization of regions, which in turn brought economic 
prosperity. Same has been the experience in the United States of America and 
other progressive countries. In the United States, longer and newer channels are 
available for navigation and improvement in the design of towing vessels and barges 
has been phenomenal. Freights weighing as much as 23,000 tons are being trans- 
ported in one tow. It is evident, therefore, that in the interests of national economy 
inland navigation must be improved. It will be a mistake to wait for traffic being 
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available before any improvements are carried out. As has been stated, experience 
in other countries has been that great industries get set up along navigable waterways 
and water-borne traffic grows to tremendous volumes. 

Improvement of inland navigation need not be in competition with the railway 
and road transport. Both railway and road transi)ort have been nationalized. 
Water transport can, the>refore, be organized in co-ordination with these other means 
of transport. It should be possible to bring in existence, points of contact between 
road, rail and water transport and facilitate transhipments. Mr. S. A. Thompson, 
in an article in the Engineering Magazine of July 1902, quotes French official circles 
saying, ‘ It is conceded tliat waterways and railways are destined not to supplant 
but to supplement each other. Between the two there is a natural division of traffic. 
To the railroad goes the least burdensome traffic, wliich demands regularity and 
quick transit ; to the waterways gravitate the heavy freights of small value, which 
(nin only be transported when freights are low .... Waterways, by increasing 
traffic, are rather the auxiliaries than the (;om])otitors of railroads. In procuring 
for manufacture cluwi]) transportation for coal and raw materials, they create freights 
whoso subsequent transportation gives ]>rofit8 to the railroads. ’ 

There are two aspects of navigation wliich need attention in this country. The 
existing channels have to be improved and newer routes opened up in order to reach 
more inland localities. The second is the operational side. As has been said 
before only organized opeiators owning vessels and flats exist in West Bengal and 
Assam. There also their activities are shrinking. Indian enterprise has not taken 
much initiative in the matter of organizing navigation (ioncerns. Foreign cajhtal 
is also not likely to find conditions of operation attractive, in the circumstances 
organizat ion will have to bo State-owned or State-aided. 

Mr. Otto Po])per roc^ommonded a start being made with organizing the country 
boats that still exist in waterways like that of the Ganga into co-operative units 
whidi would offer secairit.y and safety to the consignments sent through them. In 
order to ensure these, as well as effect speed in deliveries and bettor turn rounds, he 
recommended the use of tugs for towing lleets of beets. He calculated that organized 
in this fashion, the freight costs would be in the neighbourhood of three-fourths of 
an anna per ton-mile. The railwa\ fieight-s, at ]>resent, are in the neighbourhood 
of two annas })er ton-mile. The organization could bo handled by the existing railway 
managemonf 8. Gradually the country boats would be rej)laced by modern barges. 

improvement of wiitcrwa\ s entails river cojisorvanc^y works to train deep chan- 
nels during season of low water. This should be a comparatively cheap proposition. 
On the Ganga the annual costs would not be more than Us. 300 per mile, including 
dredging of diffiendt shoals up to Allahabad. 3'he up|)er reaches and newer channels 
will require in addition, more water being made available during dry season. This 
can only be supplied if it could be stored during the monsoon months when the 
supplies are copious. 

For the single purpose of improvement for navigation this would bo expensive 
oven if organized traffic were making use of the waterways. When traffic has to be 
organized from a scratch the projects would be very mucjh more expensive. They 
can only bo undertaken economically on multi-purpose basis, which would enable 
the necessary works being utilized for other uses sutli as flood control, irrigation and 
power generation. In the Temiessee Valley, which is the most recent development 
of this type, it has been estimated that projected for the single purpose of improving 
the 630 miles long cliannel for navigation would have cost about $ 225 million, whereas 
the allocated cost for navigation from the multi-purpose system of flood control, 
navigation and power generation is in the neighbourhood of $152 million — less than 
70% of the single-purpose project. Wherever possible, therefore, the country's 
navigation projects must be plamied on multi-purpose basis. 

The potential of extension of navigation waterways is great. Investigations 
have shown that it is technically feasible to connect up the western and eastern 
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(•oasts through mull i -x)urpose works on the Narbada, Rihand, 8one and the Ganga. 
A number of dams, weirs and locks will have to be constructed. Other principal 
ieatures of development will bo flood control in the lower roaches of the rivers, 
extension of irrigation to millions of acres and generation of huge bloc^ks of power. 
Similarly, the Tista can txi utilized to provide an ail-Jndia. waterway coimoction 
between Assam and West Bengal, in addition to generating useful blocks of power 
and making water available for irrigation in north-west Bihar, northern i)art of West 
Bengal and the south-western ])art of Assam. These projoct-s will necessarily' ])o 
very^ costly^ although self-flnamung and will take a long time to execute. The deve- 
lopment will have to be gradual in consonance with the availability of finances, 
men and materials. 

Tmi)ortant projects in hand at jjresent are the Bamodixr Valley Project in Bihar 
and West Bengal. As at present ]>lanned, the jnoject will provide foi a navigation 
channel c-onn(x*tijig the lower Raniganj Coalfields with the Hooglily . A suggestion 
was made to the Corporation to investigate the feasibility of (vvtcMiding the naviga- 
tional feature J'urtlier u[)stroam in order to link up Jharia Coalfields with (Calcutta. At 
presenl. (lie Corporut ion’s view is that such an extension would be imeconomic^al. 
It would be desirable, however, tor them to keep fuf ure development in view. With 
the execut ion o! the iirst phase of the project, tlu^ region is likely to be more indus- 
trialized ihaii it is at present. Facility of water tj*ans])ort will not only reduce the 
likely' cong(\stion on the existing railway system but would, as ha-s haj)j)on(^d in 
tlie region of Rhine, lead to greater industrial development. Planners would, 
theridore, certainly provide for suitable loc^ks in the lowermost dams. Hiiakud 
l^roject has a, distinct ua,vigational Ibature. It envisages making the river below 
the If irakud Dam na.vigable by suitable works. There will bo ])ro vision for extending 
th(^ I'acilifics to the ( ()j)-end of the reservoir by ju’oviding lochs both in the subsidiary 
and the main dams. Kakrapar Ih-oject in Bombay', similarly jirovides for navigational 
facilities being available from the sea face near Surat riglit up to the reservoir at 
Kakra])ar aJiout oO miles inland. The last im]K)rtanf- navigation project under 
investigaf ion at present is the (hinga. Barrage IVojcxt. This will jaovide for a (tanal 
taking oft the banage to bo constructed a(^roB8 tlie river havijig its outfall into th(^ 
Bhagiratlii (^slahlishing an all-India navigation route from the Bay of Bengal to 
tlie hinterla,nd ot rdha.i’ aaid Utf ar Prjub^sh. This last pi oject has immense (H*onomic 
potentialit ies. Besides (establishing a direct link between the Port/ of Calcutta 
and the great cities of Bihar and Itlar Pradesh, if will (^(Ulno(•t up the minerally'- 
rich Damodar Valley' with a large part of the country through water route. 
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IKRIGAIION 


By Sard All Mam Stmgh, I.B.E., Member , Central Water poorer ^ irrigaium arid 
Navigation Commission, New Delhi, 

((Jomimiiiicatod by Dr. S. L. Hora, F.N.l.) 


Summary 

Nearly 70% of India’s populalioti of about 300 millions is occupied in agriculture and 
allied avocations. India has an area of about 779 million acres of which 380 millions are culti- 
vable. No amemnt of industrial devolopmont is likely to change tlio economic character of the 
country w^hich must remain essentially agricultural. 

In spite of a vast area being under actual cultivation, the countjy is deficit in foodgrains 
and such essential agricultural products as jute and cotton. Those deficits have had to bo made 
up by importing the commodities from foreign countries. Golossal amounts have been spent 
every year to do this. This state of affairs affects her economy adversely. All out efforts arc 
now underway to stop the unproductive drain on her resources. As a result it is expected that 
the import of foodgrains will be stopped by 1951. 

The population of the country is growing at a fairly fast rate. In order, therefore, to catch 
up with tlie consequent increasing requirements of food, long-range solutions have to be aimed at. 

A study of tiie agricultural st atistics of the country reveals that her yields of various crops 
from tlie (ailtivated land arc the poorest in the whole world. The most important reason for this 
is the lack of irrigation facilities to the major yjart of the cultivated area. This coimtiy has a 
very precarious rainfall, and unless water requiri monts of tlie various crops are mad<' up by 
artifi<;ial means, freqiiont partial and total failures occur. Crop-(;utl ing experiments in th(> 
various States have shown tliat introduction of irrigation increases tlio yields of various cnjps 
from 30 to 150%. It is, tlierefore, obvious .that provision of irrigation facilities to oven a 
small pon^ontage of tlie total area would make the country solf-sutticiimt in food ns well as other 
ogri cultural commodities. 

Tlio country at present irrigates nearly 47 million acres of t lio (uiltivuted land. Altliougb 
this is the largest area in. the whole woi’id, il coi>8titiites only about 18% of the total cultivated 
area. Of the surface watvr resources only about 0% are being utilized for the purpose. The 
scope for extension, therefore, is tremendous. 

Hitherto, mostly surface run-off 1ms been utilized for the purpose of iirigation. A very 
small quantity from underground resources is also drawn. Exjiloitation of this source must 
continue to be small as this method of irrigation is more expensive, .In utilizing the surface 
resouri.’OH divm’sioii from flow of streams into a network of caiia/s by construction of weirs and 
barTages across the streams has been the method most in vogue. In the south reservoirs of 
varying sizes have also been created beliind dams constructed across natural streams. Owing t-o 
inequality of distribution of rainfall over the year (generally 90% of the total armual pre- 
cipitates during the monsoon months of mid-June to mid-Oc‘tobor) recourse has to bo taken to 
schemes of^mpomiding the oxco.ss water in reservoirs and utilizing it during the leaner periods. 
Works designed on this btisis are generally very much more expensive unless the costs can be 
distributed over other features which can Ix) incorporated in such works. In other words, the 
most economical way of yJanning for irrigation is to design the future works for the multi -purj)ose8 
of flood control, generation of power and extension of navigation. tSuoh works, unlike the 
existing irrigation works, wliich cater for seasonal irrigation only, will make water available all 
the year roimd enabling at least two crops being grown in most of the commanded areas. The 
yields will thus go up by at least 15(1 to 200%. 

Some of the important projecits under execution in the country arcj Hiiakra-Nangal in the 
Punjab, Damodar in Bihar and Bengal, Morin Bengal, llirakud in Orissa, Tungabhadra in Madras 
and Kakrapar in Bombay. These between them will provide penmnial irrigation for nearly 
8 million acres and will help to provide about 3 million tons of additional foodgrains and large 
quantities of cotton and jute. 

In order, therefore, to rehabilitate and put the economy of the couiitry on a sound basis, 
it is most essential to give the highest priority to such works in the Development Plans of the 
country. 

With the attainment of freedom we have to retrieve from our jjOKition of 
dopendoneo on others for manufactured goods of almost all kinds. Fiom mere 
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l>rodiK'orB and oxjxirters of raw materials we have to turn into mamifactiirers of at 
ieiiHt HU c'li of the items for which raw materials are avai lable in the country . There is a 
tromondoiiR gaj) to fill, and sustained effort is necessary to achieve the objective. But 
})olicie8 are being shaped to that end. However, whatever degree of industrialization 
we might achieve, the economic character of our country must remain essentially 
agricultural. We have a population of nearly 350 million souls to feed. Of our total 
area of about 779 million acres an area of 380 million acres is cultivable land. Natu- 
rally a largo proportion of the population must continue to apply itself to the task 
of cultivating the land and allied activities. 

Of the total cult ivable arc^a only 293 million acres is under actual cultivation. 
Of this 50 million remains current fallow. Our jjroduction of foodgrains is in the 
neighbourhood of 40 million tons a year. This is short of our requirement and since 
1943 we have been })arliiilly making up the deficit by importing foodgrains from 
foreign countries. The maximum (plant ity imported was during the last year, 
that is 1949, and it amounted to nearly 3*5 million tons. Although huge, this quan- 
tity was short of our icupiirement. However, even inadequate imports have been 
(iosting us over 100 croros ol' rupees annually. Recurring expenditure of this colossal 
sum is an unproductive drain on our resources and tends to ujiset the economy of 
the country. All out efforts to minimize this drain and sto]) it altogether by 1951 
are, therefore, being made now. 

Another disturbing i'actor of recent (xxairreiu'e is the })rocarious ])osition of 
supplies of jute and (x)lton from our neighhour Pakistan. As long as our relations 
with her remain unsatislactory, it will f)o difficult, to rely on adequate sujiplies from 
that count ry. in addition to self-sufticioncy in food, therefore, we have also to grow 
more jute and cotton. 

vSlioi't-t erm expedients to achieve the objective include bringing under cult ivation 
more area and extending i rrigat ion to as large areas as possible. For this last x)urpose, 
easily and speinlily constructed works, such as tube and open wells, diversion of 
suppliers from small streams, const ruction ol* small reservoirs and extension of irriga- 
tion from existing sources have been undertaken and are being ])ushed through. 
During t he last, seven years, lu^Kirly one million a.<Tes more of land has been reclaimed 
for cultivation and a million and half acres of additional land has had irrigation 
facilities provided ibr it . More areas are being ])ut under jute and cotton as well. 
These (dforts and effective (‘lux*k on hoarding, which is also to a smaJI extent 
responsible for the shortage, aie likel> to yi(4d satisfactory results for the time 
being. 

But these measures are not eakailated to provide for the growth of ]) 0 }>ulation 
of the count ry . The annual rate of increase is estimated at four millions. In order to 
(5atch u|) with <*onsequent increasing requirements long-range solutions become 
inevitable. * 

In the study ot agriciiltura,! statistics of the country, one thing that strikes one 
the most is the extrc^mely j)oor yields that we get from our lands. In fact our yields 
are the lowest in the v\ hole world. What is worse still is that tlnyy have been steadily 
deiToasing during the last many years. We prodinx) onl\^ 636 lbs. of whwit per acre 
on average against a maximum average of over 2,000 lbs. in Germany. Our average 
yields of rice is 829 lbs. per acre against a maximum average of nearly 4,000 lbs. 
in Italy, while our cotton > ield is only 89 lbs. against 535 lbs. in Egypt. The average 
yields of some of the jirincipal agricultural countiies of tlie world for these crops 
are 1,100 Ihs. for wlmat, 2,300 lbs. of rice and 225 lbs. of cotton. 

Reasons for this unsatisfactory state of affiiirs are man\'. Among the principal 
ones are — ^first, general uneconomic holding of the cultivator. This prevents employ- 
ment of tlie latest, and moi'e scientific and labour-saving method of cultivation. 
It is a consequence of faulty systems of tenure and suc(;ession. Secondly, lack of 
sufficient quantities of heavy-yielding varieties of seed for some crops. Thirdly, 
decrease in fertility of land. This is a result of prevalent unscientific land uses and 
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methods of cultivation, soil erosion and insufficient use and in some cases lack of 
use of fertilizers to rejuvinate the soil and lastly lack of facilities for irrigation to the 
major part of the cultivated area. 

The first three reasons are important enough, and if remedial measures could 
be adopted, they would help in increasing the yields considerably. Dr. Bums 
estimates that in the case of rice, the yields can be increiised by at- least 30%, 5% by 
using improved varieties, 20% by increasing use of manures and 5®/, by protecting 
the plants from pests and diseases. It is not difficult to increase the outturn by 
eveui 50% il‘ improved methods ol’ cultivation and co-o})erative farming (‘uabling 
larger units being dealt with could be introduced. These would involve land tenure 
reforms and other measures designed to abolish uneconomic holdings. Results 
in the ease of other crops would be equally satisfactory^ 

But the most important of all, reasons wliicdi affects t he yields adversely is the 
lat^k of facilities for irrigation to the cultivated area.. Cro])S require sj)ecific quantities 
of water for their growth and maturity and at mor e or less s|)ecitic periods of their 
life cycle. Nature supplies this by means of rainfall, lliit in India, more than 
in am^ other country , t he quantities that j>reci])itate vary' v(ay frequently. In his 
paper on ‘Liability of draiights in India, as com])ar(Ml with other countries’, G. D. 
Walker says, ‘No country has a rainfall as precarious as India’. North-western 
part of the countiy and desert of Rajasthan are jmict icaJly' rainless. Iiitliese]:>art8 
cultivation without artific^ial application of water or iTTigation is inqiossiblc. In 
Dec(^an distiif'ts rainfall is exceedingly prec'arious. Owing to the great iiregularity 
of rainfall and the long intervals during which cro])s ma.v bo ex[) 08 od to heat- of the 
sun and dry winds there may' be a complete failure of cro])s. A succession of two 
or Ihnu^ such seasons brings along^ severe famines. In are^is of moderate 
rahilalls, maldistribution over the rainy season results in partial or complete failure 
of cro])S. Inigation thus is a necessity in most ])arts ol' the ( ountiy except in such 
])arts as Assam, Western Ghats, etc., where rainfall is both co])ious and adequately^ 
distributed over tluj cr<q) season. 

No overall reliable crop-cutting da-ta is ava-ilable to show the difference that 
irrigation makes in the yields of various cro]>s. But the following figures collected 
from ilie* Report of Marketing of rice in India, and Burma — 1941 ’ make an interesting 
reading. Tliese figures were results of actual cro])-cutting (experiments (tonducetced 
in t he St ates mentioned. 

Average ontturn of 2 >addy 



States Irrigated 

Unirrigated 


Lbs. per aero 

Lbs. per acre 

Madras 

1 ,094 

1,138 

C. P. and Borar or Madhya Pradesh , . 1 ,200 

900 

IJ.P. 

1,100 

850 

Punjab 

1 ,209 

587 


Average outturn of wheal 



States Irrigated 

Unirrigated 


Lbs. per acn^ 

Lbs. per acre 

Punjab 

967 

572 

U.P. 

1,200 

800 

Bombay^ 

1,250 

510 


In the ( aso of paddy the incimse in yield varies from over 30% to 100%, while in 
the case of wheat the percentage varies from neaily 50% to 150%. Cotton, jute 
and sugarcane also give similar results. 
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TiTigalion, thorofore, boeomes the foremost desiderat Tim for remedying the poor 
yields and making the country rt^ally self-siiffi(*ient 'with regard to her requirements 
of food and other agricultural products, and its extension to as large an area as 
]>osBible becomes a matter of vital necessity . Otherwi se too, unless water for irrigation 
were made available, efforts to remedy tlie other causes would not be of miudi avail. 

In order t o assess the extent to which irrigation can be extended, it is necessary 
to review the present (Hinditions and to estimate the quantities of water available 
for the purpose. Of the total cultivated area of 293 million acres, about 47 million 
are irrigated. Tills, though tlie largest area in the world, is only a.bout 16% of the 
total cultivated area, so that if water were available, there slioidd bo large scope 
for extension. 

The country do]»ends for its water siqiply for irrigation mainly on two souTces — 
I’ainfall and the underground reservoirs of wa.ter, (daciers and snow-clad ])ortions 
of the Himalayas also cont ribute fairly large ejuantities. No estimates ol’ the under- 
ground resource's have yv>i bc^en attcmqit.ed. But wherc^ wati^r exists at reasonable 
dejiths, and other means ol' irrigation are la.cking or are difficult duo to unsuitable 
terrain, it has been madr^i use of t'or the pur pose. It is drawn trom ojam and tube 
wells by various methods. (V>st of iiTiga-t ion Irom undiu ground sources is, however, 
generally high. But on account ol' the small outlay on individual works a.nd the 
spml with which ix^sults can Ire obtained, utilization ol this source has gr eat economic 
value and fairly extensive use of it has been made in (lu^ pa.st. Over 20% of the 
irrigated anra is served from this sour(‘e at ])rosent. 

The total aimual average proeijutation of rainlall in the country is about 40". 
Of this about 50% is lost in evaporat ion, transpirat i<ai and absorption. Tlur r est 
20" amounting to nearly 1,300 million aendeet drains off as surface flow through 
the great rivers of the country. Of this surface How an (extremely small ])roportion 
amounting to only about. 5% ivS being utilized at present for irrigation. Waiter also, 
therefore, is available in immense quantities for* use for* extension of irrigation to 
the rest oj’the cidtivat ed area. As a matter ol’ fact , it is .more t han enough to ])rovide 
l>erennial irrigation for tlic^ entire cultivated land. 

The problem of utilization, howev<T, is com])licated by the maldistribution of 
rainfall, both in respect of ar(^as and time. Variations over* the different ])arts of 
the eount.ry have already been refer-rc^d to. As ri^gards variat ion over* the time, 
nearly 90% of the annual ])i’ecij)itati()n oceans elui ing the main south-west monsoon 
months of mid-June to mid-Octe iber. During this jieriod rixeas overflow their 
banks, vci’y often causing serious damage to life and ])roj)erly irKliiding at times 
utter ruin of cirojrs in the flooded countryside. .During the rest, of the year tlio dis- 
(harge^s are low and in a large numlxu* of ca.S(‘S droj) down to almost nothing in th(‘. 
driest parh of the year, .hor this reason the scope tor usci of the^ imnrense surfaces 
flow beeomes rat lier ri^stricteal. 

There are a variety of ways in which srirface How is utilized tor irrigation. The 
works according to t lie Irrigation (hmiuission of 1 9H] ‘ iiu hide works of many varieties 
and magnitudes ra.ngirig from the laide contrivances which eiia-bk^ the (iiltivafor 
by swinging a baskt^. to raise water from a lamd, tn the luigt? ombankraoiit of ea.rth 
or masonry holding behind it a lake of many sipiare miles, or J'rom tlie small temporary 
well, a mere hole in the ground lined with Imishwood to the great canal which, 
carrying for some hundre?ds of miles a volume of wat er ecjual to tliat of a large-sized 
river, delivers into a network of smaJler channels for lh(^ iirigation of over a miUion 
of acres’. Most economical works have been tliose in which flow of streams has been 
di verted into (‘anals running at high levels (commanding the area to be irrigated b 3 " 
gravity How. Such works, especiallv in the arid uoith-wcBt part of the country, 
where iluy have cost from Bs. 25 to Rs. 100 jx^r* acre of area irrigated, have brought 
Irack rich dividends in the form of watiw rates and land revenue. Annual returns 
in case of some of the works havt‘. been as high as 25% of the ca})ital cost. Possi- 
bilities of extension of irrigation of t.liis variety have almost lieen exhausted dniing 
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the last hundred years ot' so. For further extension recourse has now to be taken 
more and more to storing water during the jioriod when it is copious for use during 
leaner periods. Accordingly, schemes envisaging storing largo quantities of water 
during monsoons and making use ol' it during that and the dry ])arts of the year 
are being planned. In the south, in addition to command of land from diversion 
works, some storage works have also been constructed in the ])a8t. From those 
reservoirs network of canals and distributaries take ofl’ just as in the (‘aso of diversion 
works. Such works are generally very much more o\])ensive as, besides the dis- 
tribution system which would be common, the weirs or the barrages have to bo 
replaced by or constructed in addition to the massive structures of dams with 
reservoirs behind them extending to and submerging large artms oldand. Oa])ital 
costs in pre-war times of such works have ranged from Es. 200 to Es. 500 })er 
acre iirigated. Eeturns from water ra.tes, etc., liave just covered the intc^rest and 
maintenance charges in some (jases while in others capital costs liave been sought 
to be reduced by collection of betterment levies from owners of lands benefited. 
With the cui rent high prices of materials and labour, cost s will be two to tJircx) t imes 
the })re-war figures and, thoroforo, in some cases works would bo uneconomic^ if direct 
returns alone were considered which till recently was the only (uiterion for 
adjudging the financial feasibility of works. 

Storage works, however, in addition to enabling ext ension of irrigat ion, can be 
utilizcHl for moderating floods whic^h devastate jirojieidy and crojis. By regulating 
discharges and making adecpiato flows run over* longer })eriod in the diannels than 
the normal, navigation facilities can be ])lannc^d in adclition whic'h will offer morc^ 
econonpeal trans})ort of materials. Large blocks ol‘ electric*, power can also be gene- 
rated by ])assing the redeases through ])enst()c^ks and turbines. Designed for suc^h 
multi-])urposes, the overall c!Osts of works though hea.vy bocK>me very ocjonomicuil. 
Incidence on irrigation and other features can bo reciuc‘ed t o almost pre-war figures. 

About a year ago when all the States were feverishly jdamiing for multi-purpose 
projects, data were c-ollecited and it was found that ^18 large-sizecl ]>rojec*ts including 
the ])rc)jec;ts being s})onsorcHl by the Centre if executed would bring under ])erennial 
irrigation about 25-9 million acres of additional land. This wcis, by no mcians, an 
exhaustive surven'. The potential is rea-lly much gieater. Owing, however, to 
the ]iresont linancdal stringency and lack of adequate resources in men <and materials 
to enable a largo number of projcH'ts being lUoccMHled with simultancKUJsly, it has 
been decided to concentrate and complete as ra])idl\' as ]K)S8ible about a dozen pro- 
jects which will ])rovide perennifil irrigation for nearly 8*5 million acres. They will bo 
ctorapleted in the next four or live years and enable ])roducing nearly four million 
tons of additional loodgraiiis besides large quantities of jute and cotton. The ])rin- 
cipal among these are the Bhakra ]\'angal Project in the Punjab which will irrigate 
over 3-5 million acres, Damodar Vallc\y Project in Bihar and West Bengal with an 
estimated comnicand of nearly one million ac-ros, Mor in West Bengal designed to 
irrigate noai ly (_)0(),000 acres, Hirakud Dam Projcict in Orissa to irrigate 11 million 
acres, Kakraj^ar in Bombay for nearly 800,000 aci*es and Tungabhadra in Madras 
and Hyderabad commanding nearly anotheu* 700,000 acres. 

Eac*h acre of land provided with perennial irrigation is c*ai)ab]e of yielding 
additional harvests worth about Es. 150 evc?ry yc^ar at the ])rosent-clay prices. 
Purely from economic; j)oint of view it would be more than justifiable, therefore, to 
construc t works the capital cost of which would work out to even Es. 2,000 or 
more per acre. In the State of Mysore, works costing nearly Es. 1,000 per aero 
have been planned and undertaken. But as a major share of the increased yield is 
retained by the cultivator the direct returns usually do not amount to more than 
Es. 8 to Es. 10 per acre in the shiipe of water rates. There luis in the past, thc^refore, 
been great hesitancy in sanedioning works estimated to cost more than Es. 200 
to Es. 250 per acre. Now fortunately there is a better economic appreciation 
of suc;h works and indirect returns from the consecpient general prosjiority of the 
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cultivator are also taken into aca^oimt. Even so, capital cost of most of the multi- 
purpose works in progress in the country at present will not ho more than Rs. 200 
to Rs. 300 per a(re. In several cases, they will be as low as Rs. 100. They will, 
therefore, he self-financing even from the antiquated financial standards. The 
case of extension of irrigation through Bu<;h multi-purpose ])roje< ts to as large an 
arofi as possible and, within as short a time as the material and teclxnica.l resources 
of the country will permit, becomes irresistible if w^e hav(‘> to forge ahond with the 
nuitorial and economic development of the country. 
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Sum M Ain 

The problem of maintonanco of the productive capacity of ti»e land on a permanent. baaiM 
requiroR efTieient utilization of the lands ac<‘ordinp to tlieir tif?e-capabiJiti('s. The X^and-Use 
classes sliould indicate tlio maximum intensity of use that a land can be put to in a ])ermHnont 
system of farm numagemcnt. Tla^ Xiand-Use practi<H'8 suitable for tlie tracd are to bo founded 
on scientinc ])riricjr)l<^s and devt'loped in acc(»rdanc‘e wit}) a y)})ysical inviaitoiy of the existing 
state, of 1.1)0 agrieult ural lands a,nd t heir ])re8ent tisc. Tliere is t hus a need for a fiolil survey of 
t.he tT'acit. to as<rertain the fundamerita] factors involved in Hk' Liind-Ils<' cajadiility classiticat* ion . 
The paper sets fortli a j)rocediire — broad in scope — for making n soil c’onsen/ation survey of rhe 
dry areas of the Tlombay-Docc.an for mapping major ])l)y8ical land feat ures most cBsent iai for the 
developnaait of a soil conservation progr*amm(\ 

A i*econnaissan(\’> survey of agricultural lands, covering an area of about 80,(100 acres on 
rtolf-coutained catchment basis, has been crjirrphded in 43 centres s(*at( (^red owr tlie Deccan and 
Ivarnatalc districts of the lieinbay State. TIm' Scarcity ir'a, <4. extends ova) r 8 million acres, dis- 
t rihut ('d ov(T seven di, st ric t s Avher(‘ t he rainfall is 8<'ant y, ill-disli’i but cd but (txt rcna ly erosive at, 

I inc's, Ti )0 surv'ey I’osults r<'veal t hat poarly 70 ]»( r cent is in a morv <>i’ 1 (‘sh (‘i'od(’d condit ion 
of vchich 40 t(.) .7r> per c(M)! is in a vei'y highdy ('n'dod stago. Tho good land is mainly Oat with a 
slo])') ra.ngin!.i: from levtd to I per cent. The ^Todr'd land on tJie oth.a- hand has slopes hctwc(‘n 
I to 2 p(>r *•<’11 r. VVherevf'r tlio land lia.s a slo].>o groatcr than 2*5 to 3 j)er ceait th 're i\to barren 
lands from wfer'o soil iias fieen eomyrh'tf'ly washed down in most cases. 

With tiie availahf' data on yrliysieal foatuii's and allied fiCitors, an atterny)! lias heon made 
to sjKHafy a. geaieral bmid-Use Planning on cat.r h iiuait basis. Oji Ibis genond Itackgnuiid more 
intt'nsive Land-XJso Idanning can bo olfoct-ed if tbo details of tho ])hyRieo-clu‘mical make-ups 
iftcluding di'licieix'i' s in ]ilant food ingredi^’iits ar*- ina,y)y»c(l out from farm lo farm and 
I'ocornTnondations basc’d on agroiomic trials <'o»Hluctcd at the n?Rcarc]» stat ioriH are adoyited for 
.stt'pping U() croy)-pT’oduction on a yrormanently liighor level. 


Itsituouuction 

Tlio ])r<>bl(>m of poi manout maintcmauco of tho produc t ivo ctapaeity of the land 
for agricadtuT-al tnso, implicjs cdXieiont iisct of tint land as a sto]> of first impoiianco. 
Tint land-elasHifieation relatcts to tlio groups of hinds according to tlioir .suiRibilit y 
to rafse c’ertain ci’oj)S. The oltjec-t of tho plaiuiing gcdiorally govornR tho na,i 4 iro of 
land c'las.silication wheu’o no g:onora-l prin(‘j])loR <*ould bo laid dowai. 'Hio Jand-UHO 
plan designed to bring ma,xiimim benefit of thc‘) agri cultural and Ibresi resource's 
of tlio region must bo primarily ba-sc^l on maintaining the loved of ])roduct iviiy 
from the long range point of view of j;ind utilization, Laud-Use Ca})abilitA^ Hasses 
broadly indicate tdio maximum intensity of use thal (*aai >)e practise^d safely in a 
hmg term system of farm manage m lent . They ifidic ate how it is ])ra,cticable to 
expect iiKTOiised production by certain intensive ju'actiee^s, as aAso, liow e*ertain 
lands ill a,ny emergency can be ]mt under cro])s. Th<\v also show how to utilize non- 
cultivable area, to get jjrodueds rf3epiired for animal world. 

1 The article is based on part of the research data accumulated during tlic period 1945-50 
in tho I><and Improvement Research Scheme, Sholapur, sanctioned under tlie fiv^e-^^oar j^rograxnme 
of the post-w'ar reconstruction schemes. 

a Soil Physicist to Government, Bombay State, Poona and Research Assistant, Land 
Improvement Research Scheme, Sholapur, 

VOL. XVI— No, 6 (November-Docember), 1950. 
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Soil and inoiHliuo consorvaiion of the land requires not only a correct land-usti 
but also adopt ion of suitable soil moisture conservation practices to each type of 
land. This is particularly true, in the scarcity tracts where vagaries of monsoons 
are well pronounf^ed. The land-use and soil conservation practices though con- 
trolltMl by several factors are to be founded on scdontific principles and developed 
in accordaiKJe with a physical inventory of the existing state of the agricultural 
l/iuds and their present use. There is thus a need for a field survey of the tract to 
ascertain the fundamental factors involved in the Land -Use Capability Classification 
and consofiuent land-use jihinning. The assessment of each edass as to its suitability 
for difibrent uses lontcmiplated in a land-use i)hinning will luwever be governed by a 
detailed study ol oacdi small unit in a cat(danent. 

The })a,])er s(d-s forth a pro(!edure — broad in scope — for making a soil conserva- 
tion survey of th(^ dry trii(d of Bombay-Dec(-an for ma])ping nuijor physical land 
featur<^s, liiost essential lor the development of soil conservation programme of a 
tract or r(‘,gion. Further, it would also be useful in the interpretation of data so 
obtairuHl in terms of Land-Use ])lamring in relation to soil types, slo])o, state of 
(erosion, rainfall and ])resent. land-use. Tlie ex])erienco of the cultivators particularly 
for ])resont land-use could also bo fully taken into account in recommending practices 
Avhich would result in its ])roductive use without deterioration for a long period of 
time. It lias been realized in recent times that agricultural problems should be 
considered in terms of tlie smallest unit- of study, viz. a (atthment. The Soil Con- 
servation [)ra,cticns can be ollca^t iv(5, economical and (convenient to handle, only il 
undortak( 3 n on (‘at chmont basis. Of the two ty])es of surve>', viz. reconnaissance 
and detailed surv(\y of agricultural land, covering an ai'ea oi about 80,000 acres on 
indi viduaJ self-c ontained catchment, basis, has been completed in 43 centres scattered 
i>vor tlie j> 0 (M an and Karnatak dist rict s of the Bombay Stat e. 

A Broorammk of Soil Consfkvation Survey 

Soil ( kuiservat ion Surv(\y is a field inventor^’ of the jdiysical features of the land 
and its environiiKuital factors recpiired for a. 2 )ro])er iirogiamme of soil moisture 
conservation. Thc^ (cfticient Land-Use and soil conservation iiractitns necessary for 
the traect, though conlrollcHl by several factors must, be developed in accordance 
wit h a ])hysical invcaitorx , ]>articula.rly of soil-slope (‘onditions, nature and degree 
of j)a.st erosion, r a-iulall, its distribution and present land-use. 

In vii'w of it s import anctc a. programme of re(‘onna.issaiice survey was carried 
out- in the scartcity tract during the last five years (1945-50) with the object of obtain- 
ing dat a regarding — 

(1) t lu’' variiuis soil tyjios, their dej)th, colour, surface conditions and en- 

vdronmental factors such as gradients, rainfall and its distribution, 

(2) the extent of damage already done by erosion in several parts of the 

scarcity tract as also the nature of sui^h damage, a-nd 

(3) the j)hysical and cluunical properties of soils })articularly as affected by 

soil erosion in the j>ast. 

In view of the very vast area of the tract it was decided to choose only a few 
centres suitably broadcast over the region for tarrying out the actual fieldwork. 
At i^a-ch centre, a few self-contained (‘attlimonts each totalling ii]) to about 2,000 
acres in extent wore selected by' random for ma,king a detailed study. Information 
about — 

(1) Surface conditions, woods, cracks and other surface features, 

(2) (k'ops, their normal yields, and their extent in area, 

(3) vSoils, their de])th and colour, gradient and state of })ast erosion, etc., 

in ea(4i of the catcliments chosen for study, was collected both by' fieldwork and 
from rovonue records of the village. Suitable surfacte soil samjilos were drawn from 
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each type of soil met with down a sloi)e-line running through difi’erent soil ty})es. 
At each sampling spot, soil and surface conditions were carefully oxa,mined. 

Soil, iypts, occAirre7ice, gradients and tJieir inter -relaiioi} ships 

* Types . — The scarcity tract extends over 8 million acres and is dist ributed in 
the Severn districts of the Deccan and Karruitak regions of the Bombay St at < 5 . 
rainfall in this tract is scanty (below 25'"), ill-distributed and erosive? in character 
with frequent o(;currencos of famine conditions. For piuposes of (h?scri})tion 
and convenience the scarcity area is dividend into two (urcles; N(alh and tSouth. 
The former consists of the distrieds of Ahmednagar, Sholapur and eastern ])ortions 
of Poona and Satara and the latter includes tlio dist ricts of Bija])ur and eastern 
part of Dha.rwar and Belgaum in the Bombay 8tate. The soils of t he South (Circle 
as a class are very deep as com])arod to those of Noith Circle. The classificat ion 
and nomenclature of tliese soils as described by Dr. N. V. Kanitkar 1 are maintained 
and are used as follows: — 

North Circle . — Based on soil dejdh. Deep (above 18"); Medium (9" to 18"); 
Li gilt- shallow (below 9"). 

South Circle . — Based on soil (colour. TXiC]) Black, Medium Black, Liny^ or 
Kankar. 

it may bo n()t(?d t hat these different. tyj)es are but the result s of the sam(? fact.or, 
viz., soil erosion. Heru'e the above types can be brought, togetluu’ on the common 
ba.sis of the degree of ])ast- erosion into — 

(1) The unorodod or slightly eroded soils, corr(?s])onding to de(?p and dee]> 

black soils, 

(2) The moderately eroded soils, corro8j)onding to medium and medium black 

soils, 

(3) The liighly eroded soils, coj jesjmrding to light and limy soils. 

Soils under (1) are usually deep black in colour and sufficiently deej) to stand a 
good crop, while those under (2) and (3) are shallow and pooi* — jiarticularly in the 
North Cirede. 

Occurrence . — The land has been exposed to ravages of soil erosion all along in 
the jiast without any kind of ])lanned ])rot.ection on scdentific basis. ITsually, 
it is observed that all the three soil-types exist in a catchment exce]>t whore 
erosion has b(?on too little or too severe so as to wash out one or more types 
comjdetely. Slightly eroded soils in general are found on the ridges of a cat c liment 
Avhercas the ino(h?rately and highly eroded t\ jios may exist either in the middle or 
lower reaches of the catchment acrcording to the sev crity of (?rosion. The sequence 
down the slope is the reflection of tJie })rocess going on unhindenid over ag(?s. 

Slopes.- -it is very difficult t o say whether the sl(>])e of the land is the eff(u?t oi‘ 
continued erosion or fliffcrent degrees of erosion are duo to the original slop(?s of tlu? 
land. It is found that good land is mainly flat with a slojx? ranging from level to one? 
])or cent and it usually ocunirs on the table-lands of the ridges of (‘atchments. The 
eroded land, on the other hand, has slo])es ranging from 1 *25 to 2%. Wherever the? 
land has a slope greater tlian 2*5% there are barren lands from wliere the soil ha.s 
been washed clown due to erosion of acceler«ated ty])(?. It is also found that the? 
more eroded types have greater slopes whick in turn are c*onduci vo to still greatc?r 
erosion. 

Soil Erosion, its extent and nature of damage 

During the last five years an area over 80,000 acres in 43 centres suitably broad- 
cast over the entire scarcity region was surveyed and the extent of each type of 


1 Dry Farming in India, Srioniifio Monograph No. 15, T.O.A.R. 
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Hoil in 1 heH(i cont res was studied. The snmmarv of results is shown in the following 
table : — 


Name of the circle 

No. of 
controfl 

tJnerodod 
Boils or 
slightly 
eroded 

Moderate - 
ly eroded 
fioils 

Highly 

eroded 

soils 

Accumu- 

lated 

soils 

Total 

North 

22 

6,862 

12,236 

15,324 

6,811 

40,233 

South 

21 

7,956 

18,916 

10,641 

2,705 

40,308 

Total 

4.3 

14,818 

31,152 

25,965 

8,606 

80,541 


Th(^ al)ov(^ ai'eas expressed a,8 percentages work out as follows: — 


North 

Rnuth 

1 

22 

?] 

j 

' 1 

17 

1 1 

1 20 I 

31 ' 38 

i 

47 : :>G 

14 

7 

] 


43 


39 .32 

1 

11 



If the a1)ovo area is enough to yield a fair estimate of the conditions in the 
scarcity tra(‘t, it is found t hat only 1 7^^, and 20% of the t otal area in the North and 
South Circles respectively, are now left in the slightly eroded condition, whereas 
vast areas amounting to 09% and 73^, of the total area- have been eroded more or 
less severely. Of tlu^ eroded areas, in the North Cir(;le especially 50% is now left 
with a soil dej)th less than 9 inches. 

An extreme situation is met with at six places in t he North Circle where not an 
acre- of original deep soil (uneroded) is left. Even on the ridges where we should 
usually liave dee]> soils, there are no stocks of soil which we (*an afford to loose, 
while lower down on the slope the ])osition is worst. 

This fact- clearly brings out the havoc brought by soil erosion to our soils and 
the gravity of the existing situation, emphasizing both the need and urgency of 
suitable anti -erosion measures on catchment basis carried out on the scientific lines. 

Soil Types aud Soil Properties 

During the survey suitable soil samples were drawn along lines sloping from 
I'idge to the valley and running though difi’erent soil types. Three to 6 spots of 
sampling equi -distant from one another were chosen in each of the soil types met 
with, along a few such linos. These samples wore analyzed for their humus, 
cahhum carbonate, clay, silt and exchangeable calcium contents. The table 
(p. 485) shows the results of the analysis. 

1. The increase in lime contents of soils in eroded areas indicate that the 
surface layer constituents being cMisily washed away expose the sub-surface layers 
containing higher lime contents, which are leached dowm the profile in the normal 
process. 

2. In the South Circle, clay content of the soils as a whole is satisfactory. 
But, this vital constituent which influences major soil phenomena is found to be 
deficient in the North Circle whore the soils are comparatively shallow. This dual 
loss severely curtails the field-carrying capacity of these soils for moisture and fer- 
tility factors. The colloidal complex containing exchangeable bases being associated 
with fine clay particles also shows a similar behaviour as clay itself. 
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Property 

XJneroded 

Moderately ercjded 

Highly eroded 


South 

North 

South 

North 

South 

North 


Circle 

Circlo 

Circle 

Circle 

Circle 

Circle 

Bumus % 

0*52 

0-89 

0-51 

o-9r> 

U-.54 

o-7r» 

Lime % . . 

(5*0() 

9*00 

7-0() 

9-00 

9-(M> 

11-00 

C^lay o/^ . . 

62-(K) 

4a-oo 

52-OU 


44-00 

27-00 

Kx. Ca in Mg otpii va- 
lent .. 

50 *00 

.le-oo 

43‘()e 

1 

1 

'14-0(1 

1 

26-0(> 


3. In the South Circle, soil ])ro])ertics appear to undergo |>er( 0 ]) 1 il)le changes 
even at moderate erosion, whereas in the North Circle tlie same occurs only at th<^ 
highly eroded stage. 

4. Thus on the basis of soil properties — })arti(‘ularly (^la\ contents — as ali'ected 
h\' soil erosion, these soils can be grouped into (1) slightly eroded to moderately 
eroded and (2) highly eroded typos in the North Circle, and (1) uneroded and (2) 
eroded types in the South Circle. The first type of the former can bo sub-dividiul 
into two grouj)s (a) slightly eroded, (b) moderately eroded on the f)asis ot soil depth as 
affected by soil erosion in the ])ast. In the case of South Circle, the second type 
(^an be furthei’ divided into (1) moderately eroded and (2) highly eroded stage as 
revealed by the soil colour and lime surface (contents. Thus the original t hroe groups 
classification of these soils adopted for field study can be well-fitted in t he abov(^ 
scheme based on soil projiert ies. 


P ATTE K N O V L A NO- Us E PL A N NING HEOOMME N OE 1 ) 

The findings of the various aspects ol Uk) soil conservation survey ai'o aimed 
at obtaining a thorough knowledge oi the fundamental asj)ects oi’ i ho fa>( t ors involved 
in the study^ of soil erosion and its control. The soil and moisture (conservation 
practices most suitable to tlio different soil climatic ( omplexos of the tra(-t and the 
useful effects of these on soils and consequent croj) })roduction also require t he fun- 
damental knowledge of soils and environmental factors ol the land. 

A watershed or a soil- contained catchment is the smallest unit of study in a 
reconnaissance survey of a tract. The factors involved in such a study' include the 
following items which affect the entire unit: — 

( 1 ) Rainfall and its distribution, 

(2) Soil-sloxie conditions, 

(3) (^neral toxiography , 

(4) State of jiast erosion, 

(5) Present Land-Use practices. 

Information on some of the above points havS been consolidated for the dry 
tract of the Bombay -Deccan in general and the 43-c:entre o (.survey work in jiarticular 
to evolve a general land -use classifi (nation for soil-moisture conservation on a cat(^h- 
ment unit taking into account the following cx^nsiderations : — 

(1) Soil Moisture ])ractices necKled for erosion control, 

(2) Soil amelioration and soil management required for maintaining soil 

prcxlucitivity, 

(3) Crops, their varieties and rotations to be adojited, for obtaining moderate 

to higli ydelds. 
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For tlio ( ultiviible lands in the entire scarcity tract ‘Bombay Dry Farming 
Method ’ with a schedule of operations has been the basic recommendation and is in 
actual j)ractico throughout the region. 

In a dry tract like the Bombay -Deccan, whore the rains are mainly erosive in 
(‘liara(i(w and the lands are oxj)osed to ravages of soil erosion, the word ‘contour’ 
and 'all agricultural ])ra(iic(^s along contour’ assume a special significance. The 
(contour furrows in tillage o})eration act as innumerable miniature bunds which ob- 
striui; the run-olf and ejosion and helj) to localize the phenomena of soil erosion 
throughout the aim. The additional needs on the above lines either singty or in 
combiiBition are required ior developing the individual catcliment of the tract for 
(correct Land-Use Planning. 

Broadly, the cult i vablo dry land of the tra(‘t can be classified into three categories 
or classes on the basis of soil-slope conditions or the degree and sus(re])tibilit\' towards 
erosion according to its suitability for agricultural use as follows: — 

I . Lands ( 1 ) either level or nearly so, 

(2) slightly a.ffected by erosion ; 

1 1 . Lands ( I ) gently sloping, 

(2) moderately affected f)> erosion ; 

III. Lands ( I ) with steep slopes, 

(2) severely affected by erosion or susceptible to erosion. 

ddie first of tluise does not need spofdal ])ra(ti<^es for successful agriculture but 
would maintain the general level of ])rodu(*tivity with the normal j)ractices of tillage 
for* st ructure, rotation of (trops and normal manuring. In the case of the second 
class of lands, some sinqrle practices of erosioji c*ontrol and moistuio conservation 
8u<‘.h as contour* t illage, contour* strij) (Toj>[>ing, etc. in addition to normal agricultural 
practices, would be necessary for maintaining the pi'oductivity of the soil. But 
in the third class, planned piadices for the (-outrol of erosion and soil-moisture 
conservation are thc^ basic needs for successful cro])ping. Contour bunding and 
contour trencliing, gully ])lugging and str ip cro})ping are the special recommenda- 
tions specified for this c lass in addition to the normal agricailtural practices in 
vogue. 

This (lassificat ion b\' it sell is neither comjrltle nor* enough for Land-Use Plan- 
ning and would (‘oitainly need tlie other a.spe(ls to be complc^tely investigated and 
improved u])on as further* investigations on research farms, are carried out. 

In the non-cult ivable areas of the catcliment a two-group classification of the 
following type is found to bo useful — 

I. Lands (1) highly eroded to barren and sloxnng, 

(2) level but extremely poor for cTops ; 

II. Lands (1) very steep slopes, hilly or cut uj) regions, 

(2) severely eroded. 

'The first of these though too poor for* growing cr crps support usual grasses and 
sliould either be left fallow or exposed to only controlled and planned grazing. The 
root, system which is extremely useful to such land is ]>reserved and stands to erosion 
which in turn promote ])ermanont vegetation useful for the cattle. The latter is 
extremely hilly where normally nothing would grow, (/ontoiir trenching, afforest a - 
t ion and gully plugging are some of the typical prac-tices necessary of such tracds 
which are to be brought up to forest land in duo course of time. 

The Land-Use Planning is done on mainly two broad lines, one is extensive 
involving an entire tract down to a catchment, while the other is intensive and is 
carried out at closer intervals — Sixy from farm to farm in the individual catchments. 
The former needs wdiat is known as a reconnaissance survey of the land on catchment 
units, while the latter requires a detailed survey of the soils in each small unit or 
survey numbers together with the knowdedge of their physical and chemical 
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properties, defieieiK ies of })lant food and information iiboiit the various (^rops and tlioir 
varieties which would thrive well in those regions. The (h^tailed la.nd-use capability 
planning of each farm would liavo to be <‘arried out on t he general background of the 
pattern detailed above for the (*.atchment unit as a whole. The rocommeiulations 
of the research stations based on the agronomic, tillage optaat ions, and manurial 
trials would have to bo incorporated in each farm of the catchment, with suitable 
modifications to adjust to the local features and th(^ ])reBont land us(y so as to step 
up crop production on a permanently higlior level at the same time maintaining the 
productive cajjachty of the soil. 

The Land-Use Planning on iJidividual faims is a sort of i(U)rgajiizing diiferent 
kinds of lands and determining their most, efibc.tive use under the prevailing (on- 
ditions as also after adopting suitable intensive ])ractices. Such a j)rf>blein in India 
would be very vast, requiring a huge well-planned organization to ta(*kle it . . All 
the same it is essential that early attem]4s are made to t.a.ke up the problem in hand 
which is so very vitally important for crop production. 




SOIL CONSERVATION ENGINEERING 
By A. I>E Vajda, Damodar Valley Corporationy Calcutta. 
(Communicated l)y Or. B. C. Gnha, F.N.l.) 

SUMMAKV 

Soil consorvation has beoa practised from the earliest beginnings of civilization, but it is 
only recently that it has developed to a distinct branch of engineering. Since man -mode erosion 
has been recognized as one of tlie main causes of incroiiaing floods and desiccation, a (^liange in 
our attitude to our natural resources from exploitation to conservation becomes imperative. 

Rivers sliould bo developed not as short-term profit bringing schemes but for tlie permanent 
benefit of the population in full harmony with natural conditions. 

Headwaters control is an essential part of almost all river v^aJley acliemos, although it may 
not bo possible to control floods entirely without major storage reservoirs. Under conditions 
prevailing in the Damodar Vallejo both methods liavo to bo corabinod. The major dams can 
store only 50% of the average yearly run-off. The detention and use of water in the uplands will, 
tlierofore, be only beneficial to the scheme. Local conservation practices, consisting mainly 
of paddy teri'acing and seepage tanks (ahars) are a most valuable asset and should be incorjiorated 
in tlie overall scheme, (.conservation engineering will consist mainly of terracing and small 
detention dams, combined with proper land use, forest managements and irrigation schemes. 

These moasures will reduce substantially flood peaks and the silting dang<^r for reservoirs 
designed at present mainly for flood control. When conservation has achieved its objectives, 
the storage space reserved for floods can be reduced and more storage water used for power and 
irrigation. This will improve the economic value of the scheme. 


Soil conservation measures have been jiraotised from the earliest beginnings 
of civilization. Its basic jirinoiplos, as they arc established now, were known and 
applied by the cultivators in China, South-East Asia and all ( oimtrios situated around 
the MeditcTTanean as also in many others. But it was not until very recently — 
only some 25 to 40 years ago — that Soil Conservation Engineering developed into a 
distinct bram^h of engineering, based on specjific researf^li and studies. 

This Ifito develojimont is probably due to the fact that modern engineering 
origiimted in Western Eurojio, where soil conservation problems did not play a role 
of overall imjiortanco in the economics and soidal life of the poojdo. The favourable 
climatic conditions and a stable, permanently settled population conduced to the 
conservation of the soil and water resources. 

In spite ol* frequent wars and internal troubles, the (iultivators of Western 
Europe wore firmly settled on the soil, the same family cultivating the same piece 
of land sometimes for centuries, and making use of the collected oxporionco of their 
forefathers. This experionc^e, together with the lavourable climatic conditions — 
good distribut ion of rainfall and snow cover on the hills and in tlie northern plains, — 
made it possible to maintain the balance between soil, water and agricultural produc- 
tivity through the centuries. 

It is interesting to note, however, that wlion the descjondants of the same families 
crossed the seas and settled as (colonizers on the American continent and in Africa, 
their attitude towards the soil changed entirely. As a result of great abundance 
of land, cutting of forests and a primitive, shifting cultivation replaced the careful 
methods of their homeland. In America, both in the U.S.A. an(i on the southern 
continent, the results wore disastrous; the same can be said about South Africa and 
Australia. 

With increase of poi^iilation in the U.S.A. and with the higher demand on food 
production and on water for all purposes, the problem of conservation of soil and 
water in all its aspects — ^physical, social and economic — suddenly assumed para- 
mount importance. Consequently soil conservation was taken in hand, all its 
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asjiocts wor(^ Htiidied, tlie diagnosis established, remedies proposed and tried out, 
and a groa,t (*am|)aign i*or conservation of natural resourc^es started, everything 
being done with the cluiracteristic j)romptness and energy of the American people. 
Ath] Jdr Die lirst t ime in Inslory man’s influence on his environment was consciously 
recognii&ed and soil erosion — in contrast to geological erosion' — diagnosed as a mainly 
man-made evil. 

The remcidies pro])(>sed and applied consist, accordingly, in a cliange of man’s 
attitude to his envi ronirie nt . The basic change is in the field of ethics as well as of 
economics. Man should not c^onsider his environment — land, forest and rivers — 
as a source ol‘ exjiloitation for his personal })rotit, but as wealth entrusted to him 
by nature for which he is res})onsible to the generations to come. 8oil, water and 
wild life are rone wa. hie natural resources — renewable and capable of being developed 
if managed and used jiroperly. 

Land’s productive c.ajiacity depends on a large number of factors. Some of 
thoin are natural, such as the quality of the soil, climate, hydrological conditions 
an<i slopes; while others are human, such as land-management, irrigation, drainage 
and various agricultural, biological and technical measures. Human activities 
related t o the use ot soil and water must he adapted to the existing lurtural conditions. 
This being so, tluj measur<^s for conservation of these resouri'cs will differ widely. 

To lind and to a,])pl\’ the best trcKatmont for every specific an^ii is the main 
task of coiiscrvfitiou. liiis a])plies not only to soil conservatiem and land use j>roper, 
hut also to river valh\v schemes wherein Die real task is to make the best- and full 
use of water resources. Seen from the coiLservation viewpoint, river valley projects 
should always he dev(do})ed in complete liarmony with natural conditions, such as 
(iimate, geology, soil, orogniphy, ami also with the social and economic^ conditions 
ofDie]) 0 ])ulati<)u. 

Hiver valley [irojcnis and multi jiJo-purjiose use of water resources are not a 
m*<w jiienoinenon. Thei’c were big, well jilanned multiple-pur] )ose vailey schemes 
ill Mesopotamia, ( iiiiui and Egypt , equalling in raagnit.iido and boldness of conception 
our present sciienies. In more lecent times, many such river valley projects were 
taken iqi both in Europe^ and in the U.S.A.; but very often their only a-im was to 
[iroduce weaith in t hc‘ I'orin of [lowcu* or (‘ro])s, regardless of the long-term interest of 
th(‘ population and of the* balance of Nature. 

In the circumstances flood control schemes, not- infrequently, dealt only with 
tlie protec'tioii of a lew e(‘onomic*alJy imjiortant areas where high levees were built; 
and rc'servoirs for irrigation or jjower were meant to ])rc)duce water for certain specific* 
]>ui])oses. Thc^ silting iqi of these reservoirs was no doubt taken into consideration; 
hut, as a. genera! jirac tic e, aai\^ sc*lieine was cmisiderod feasible if the invested capital 
could be used with jaofit ancl vaitton olf during the lifetime of the reservoir. 

In most cases no attention was given to headwaters. Cutting of forost s, plough- 
ing iq) of jiastiire land, over-grazing and other bad land-use practices went on un- 
checkcKl; and all Dlc^ gains obtained through costly protective works in the lower 
reac hes were lost hy had management in the headwaters. The reasons for such an 
att itude was not so much lac k c>f knowledge as the preponderance of c*ertain short- 
term interest s ovei‘ the jiermanent preservation of water resources. I know of a big 
200,000 h.]). water jiower scheme in which a big natural lake with a surface of about 
000 sq. miles woulcl have been drained entirely^ within 20 years in order to supply 
during this period power to a very big enterprise. Fortunately, the project never 
materialized. 

Only when such activity intensified floods in the lower reaches of the main 
streams and thc‘. levees had to bo })oriodically raised, when reservoirs built at much 
cost began to silt up ra])idly, and when the ground water-table supply was drained 
down to complete exhaustion, only then did w'e realize the importance of headwaters 
for river valley schemes. In fact, the headwaters, together with tributaries, main 
river channels anci estuaries, form an indivisible organic unit. 
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The key point of all water management lies in the headwaters whore rain falls 
and whence run-off starts. How fast or how slow tlio run-off Avill bo, how much of 
the rainfall can be stored underground, what amount of silt will be carried down the 
slopes, choking river channels and reservoirs, will do])cuid not only on geological 
features, slopes and other natural coixditions, but also on how ^Yo use headwater 
areas. 

Hemdwators control or as it is ofben called ‘ujjstroam engineering’ involves 
therefore a great number and variety of complex activities. It is fmicbun on tally 
concerned with all the elements of the hydraulic* cA cle. Thcise (dement s— ])re('i})ita- 
tion, infiltration, evaporation and run-cdf — ^iiro closely inter-c*onn{M tcHi wit h climate, 
temperature, the absorbing c'apacitv^ of soils, vegetation, inc luding (‘ullivaling u.nd 
cropjhng systems, and multifarious lechnic*al measurers, such as irrigation, water 
su] )])ly^ and drainage works. 

Upstream engineering requires a good knowbdge of general hydraulic* ongi- 
necning. Just as flood c*ontrol, irrigation and jioAVcn problems in the main river 
channel cannot be solved without the contribution c^f upstream engineer! ing, so also 
the problems of headwatews cannot be solved AAothout due rc^gard to I hcii* effects on 
the main river cliannel. The difliculty in n])stroain eiigincjoring is tliat it is not 
limited to a single scheme, but consists of co-ordinated activit ic^s of many agencies, 
the most important among them !)oing the human element, Avith all its social and 
CK'onoxnici implications. From the ecoimmic* ixoint ol' \iew, n]>streani engineering 
presents difficult problems, mainly becjaiise partial solutions, giving j)rc>m]>t returns, 
are seldom suffic'ient for solving the major problems. 

The effects, too, of upstimm engineering mcAJisurc^s are more difficult^ to define 
than those of other engineering works. We know in general 1 hat (‘oresi s and pastures 
I'educe run-off j)e.aks and incre^ise underground storage and ilow of walcu*. But in 
many cases sucli a reduction of the run-off affbeJs the total run-oif volumes and may 
be detrimental to tlm int erest of the lower roaches. Likewise t he in(*rea,s(^ of ground 
water su})j)ly at the expense of surface run-cdf may Ic^aid to wafer- logging in low lands. 

Conditions in the Daniodar Valley are in this rc>s])CK*t more favoui*a.hle tha.n 
elsewhere. When the storage reservoirs arc com))lcl.od, thoro will bo still groat 
floods running to waste, and the retention of these in the headwaf ers will only imjxrove 
the AV'ater balance of the scheme. 

The Damodar c*atchment forms a part of the Chotanagpur plateau. It covers 
about 7,000 8c{. miles uj) to the confluoiico of t he Damodar and the Barakar. The 
main f)latoiin are situated between J ,800 and 2,000 f t . above soa-Iovcl. Several 
hills and group of hills are spread over the catc*hment> and reach heights over 3,00() ft. 
and, in one case 4,500 ft . Almost the whole area is nndulating country cut by a 
largo number of nullahs and gullies; and the slopes are in gonoral moderate, except 
on the hills and at the edges of the plateau. 

The geological formations consist mainly of metamorphicj ro(;k (gra^nite gneisses 
with associated schists). In parts of the main valley, t-hoso arc^ overlaid hy sedi- 
mentary rocks (siindstone and slialos) (containing largo coalfields. The soils of the 
valley are generally sliallow, formed by' deccomposition of t hose rocks. Their text ure, 
stru(;turo and profile characteristics are largely governed by' the parent) rock. There 
is practically no alluvium. 

Out of the 4-4 million acres of the catchment about 1-6 million are classified as 
forest, 890,000 acres are padd^y fields, l,0(K),000 acres tarn and uplands and about 
800,000 acres wasteland. Owing to intensive destriufion of forests and })loughing 
up of uplands, bad land management especially in the coal mining areas, over-grazing, 
and bad cult ivation methods, the valley is in a state of progressive erosion. Accord- 
ing to the information available, the frequency of heav}^ destructive floods has 
increased in the past two or three decades. 

Wlxen studying air photos or surveying sub-catchments one (?an see a subst antial 
difference between silt transport and guUyung of forests or tcnraced areas as compared 
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with waBielands. Should erosion caused by bad land managment and deforesta- 
tion not bo stopped, there is no doubt that the regime of the river will further 
deteriorate and the projected reservoirs will jirove unable to accomplish their task. 

The main objec^tive of the Damodar Scheme is to provide adequate flood control 
for the lower valley. This should be achieved by construction of storage reservoirs. 
Water stored in these reservoirs should be used for purposes of irrigation and power. 
The total average run-off of the united Damodar and Barakar is 8 million acre-ft. 
per year — the minimum run-off being 4 million acre-ft. and the maximum 12 million 
acre-ft. The storage cajiacdty for flood control is 2-9 million and for productive 
use 2*2 million acre-ft. In an average year only 50% of the total run-off can be 
stored, and out of this only about luilf can be stored for productive purposes, as the 
other 50% of the storage volume must be ke])t emjfly for sudden floods. In a rainy 
yeiir only one-fifth of the total run-off can be stored by the reservoirs for productive 
purpose. Even in a very bad year only 60% of the total run-off can be stored for 
pr odu c;ti ve pu rf ) 08 e 8 . 

Ac(x>rdingly f here is no danger in keeping back water in the uplands which could 
be used ])ro(luctively by the main project. With the relatively heavy slopes and 
the shallow deptli of soils, water detention measures, will not be detrimental to the 
main river channel, because in the given (urcumstances the underground water flow 
will b(^ relatively ra})id and water will eventually reach the main river channels. 
The delay in the discharge will, on the other hand, bo only beuofi(;ial, since it will 
kwid to an increase of the dry season discharge at the expense of the flood ])oaks, 
the reduction of which is one of the aims of the scheme. 

In addition to the direct improvement of the water regime, the introduction 
of conservation measures and x)roper upstream engineering will lead to a very sub- 
stantial improvement in the economic and social conditions of the valley. By 
r(d>aining water boliind terraces and between contour furrows, under the forest 
litter and in small ])ond8 and detention reservoirs, and by using it in the headwaters 
for irrigation x)urposos, agricultural production and welfare of the whole valley 
will improve. It is fortunate that both objectives of headwater control and con- 
servation works can be achieved by the very same measures. 

It is also fortunete that certain conservation measures are already well known 
and ])ractis(*.d in the valley. The most imi)ortant among them are paddy terraces 
covering about- one-fifth of the total catchment. Another specific feature of water 
conservation })ractico8 in Chotanag])ur is to be seen in 8eei)age tanks (ahars). These 
are built mostly on the edge of liigh flats with banks thrown on the downhill 
side. The aliars aio extensively used for the watering of j)addy fields. The watering 
is done by slow seepage. For domestic purx)osos surface water is normally stored 
in big excavated tanks and x)onds situated in natural dej)res8ion8 or in flat drainage 
channels. Ponds are formed by earthen bunds. 

Wo shall make extensive use of these existing water conservation i)ractices, 
which will be included in the overall j>lan of headwaters engineering. Tliis jflan 
is based on hydrogra])hical units — the sub-catchments. Each sub-catchment will 
bo treated so])arately according to its sx)ecific conditions. 

Upstream engineering measures for the improvement of the headwaters can 
be divided into two groups: (I) Runofi'-retarding measures, and (2) Surface storage 
measures. The objective of the runoff-retarding measures is to reduce flood peaks, 
check erosion and promote underground water storage through infiltration. This 
can bo best achieved by co-ordinated biological, technical and conservation measures. 
Afforestation and pro}>or forest management, contour cultivation, strip crox>ping 
and imj^roved cultivation methods will have to be combined with technical measures, 
such as bench and ditch terracing, contour ditching and ridging, and control of 
natural drainage channels. 

Bench terraces, covering at present about 800,000 acres, will continue to remain 
tlie main type of terrac^es. But in the uplands ditch terraces, contour ridges and 
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ditches will have to be introduced to take care of heavy run-off. These terraces 
will be connected, wherever possible, with surface storage ])onds and tanks. This 
combination of runoff-retarding and surface storage measures will bring about a 
valuable improvement in the water management of Chotanagpur. 

It is of course essential that sjullway chamiols, connecting the terrac^es with 
storage tanks and ponds, should be proj>erly designed. The most e(?onomical solution 
would be the grass spilhvay channel typo. This solution will l)o used wherever 
possible. We are carrying out experiments with this typo and also with gravel 
and riprap paved channels. 

For the proper design of these runoff-retarding measures, storm runoff 
calculations are of gre<at importance. We are building our own fi(td }>lots for runoff 
experiments, and these, together with discharge measure stations on small nuflahs, 
will give the necessary basic data for the calculations. 

As regards surface storage, geological and orogra]>hic conditions arc generally 
favourable for the (construction of low dams (up to 60 or 70 ft.). Most of t hese dams 
will be of the jdain rolled earthdam fill ty|K>, except where building st one is easily 
available and rock foundation conditions «are good. 

Water stored behind these dams will be used for irrigation of hind commanded 
by the reservoirs. Some of the schemes will bo small, irrigating only 50 to 100 
acres. But there are also quite a few good sites for larger reservoirs, commanding 
many thousand acres of good irrigable land. Tliree such schemes ranging from 
4,000 to 16,000 acTes are at present under investigation. 

These irrigation schemes, making use of water in the headwaters area itself, 
will bo an important contribution of upstream engineering to the economic dcveloj)- 
mont of f he valley. Paddy and Kharif cultivation will be greatly im])roved by tJicm. 
But oven more im])ortant will be the introduction of llabi iriigation on a large scale, 
which will change ent iroly the agricndtural economy of the valley. We have already 
started work on these lines and have built, partly as ])ilot schemes, four smaller 
earthdams with storage capacities of 80 to 160 acre-ft . irrigat ing a total of 600 acjres. 
Those reservoirs filled during the early monsoons. More such schemes will be started 
in the coming season. 

Equally important from the conservatiem point of view is reedamation of waste- 
land. We have started reclamation work on waste land selo(!ted for I'ehabilitation 
in the are^s to l)o submerged by our major reservoirs. So far w'^e ha ve only reclaimed 
800 acres of badly gullied land; but wo are getting sufficient heav}' ocpiipment for 
the reclamation of about 16,000 acres of waste land per year. 

Big-scale reclamation work, sub-catchment water management and the intro- 
duction of j)oreimial irrigation in the headwaters, with assexiated technical, adminis- 
trative ancl educiationiil measures will involve considerable effoiis. 3’he Soil Con- 
servation Engineer will have to use all his inventiveness and experience to find 
the most suitable and most economical solutions for a groat number of .slBiall projects, 
the totality of which must form a well-x)lannod unified scheme for the control of the 
headwaters. 




AGRONOM Y AND LAND UTILIZATION 


By R. J. Kalamkar, B.Sc., Ph.I)., F. A. Sc., ^Director of Agriculture, Madhya 

Pradesh. 

{Comminiicated by Dr. S. L. Hora, F.NM.) 

Summary 

Tho paper deals with the idle of agronomic science and practice in tlio understanding of 
proper classification, use and treatment of land according to its (capabilities, with a view to hotter 
land use. Proper land use is largely a matter of crop adaptation and soil rnanagomont . Imj>ropor 
selection of lands to bo devoted to agricultural purposes and lack of management in accordance 
with its capabilities is the cause of greater deterioration of soils. Illustration is given of the 
soil erosion that has taken place during the course of about 75 years in the cotton growing dis- 
tricts of Buldana, Akola and Yeotmal as determined from th€> deptli of soils (’•f tlio fi^'lds as avail- 
able in the old settlement records and as dctnrmincd in the scheme for crop (estimating survey 
on cotton, conducted recently under tlie auspi(’n8 of the^ Indian Central (kdlon Committee. Th(^ 
results have shown that a porti(jn of soil which initially belonged to tlie modium ty]V3 having 
depths between 15"^ to has migrated to the shallower class having do])1h lielow 15^ as a result 
of erosion. The degree of erosion has varied from district t(3 district, wliich could be explaitu^d 
to a groat extent in the ligiit of the cropping practices adopted in th<‘m, Th<' relation of Ihe yield 
of cotton to the depth of the soil is also di 8 cuss( 3 d. 

The paper focusses attention on the ndatifjnship that exists betw'e(>n cropping 8yBt(un and tlie 
factors such as soil organic matter, nutrient supply, soil stria turo, depth of arable soil and the 
urgent need for developing the rotations on the basis of land use c«pal>ilitics so ns to control 
surfarie run-off and soil losses. The importance of manures and ferfilizers, /idof)tion of simple 
tillage pra(dicos and originooring tecluiiques for the better use of land are also (iiscussed. 


Pro])er land iiso m largely a matter of ero|) adaptation and management which 
calls for the proper understanding of (dassification, use n.nd treatment of land accord- 
ing to its capabilities. 

The inlieront ])roductive capacity of the soil for producing good and largo yields 
depends on the degree of success or failure of soil management pracd ices to maintain — 

(i) Soil Organic matter, 

(ii) Plant nutrient supply, 

(iii) Soil structure — Physical condition of the soil, and 

(iv) Dei>th of arable soil. 

Special emphasis needs to he laid on item (iv), viz., ‘Depth of arable Soil’. 
Erosion of top soil has been a grave dftnger to agricultural ])roduction to meet the 
ends of a growing population. Any soil management practices which try to keep 
the top soil where it is, will result in the maintenance of soil productivity and 
increased yields. 

It is not uncommon to have I'" of top soil washed away in as little as 5 or 6 years ; 
productivity has been found to be reduciod by at least 10 })or cent with each in(;h 
of top soil lost and the rate of plant food removed by erosion is about 21 times greater 
than the rate of removal by agricultural crops. The erosion studies at the Dry 
Farming Research Station at vSholapur have shown that the annual soil loss amounts 
to 44 and 29 tons respectively in the usual method of cultivation of rabi jowar and 
under the cultivation of kharif crops of Bajra-Arhar mixture. At this rate, it would 
take about 31 years in one case to erode the cultivated layer of 8 inches of surface 
soil while in the other, 20 years. 

Interesting information on the change in the depth of arable soil under a type 
of cropping system prevalent in the cotton districts of Berar has been obtained in 
connection with the scheme of crop- cutting experiments on cotton under the auspices 
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of the Indian (Central Cotton Committee, conducted by Panse. The data has been 
analyzed by Bhidei, and relation established between the depth of top soil and yield 
of cotton. The fields under the cotton survey for a period of three years 1944-45 
to 1946-47, wore classified according to the old depth record carried out in 1 872 settle- 
ment as well as the depth actually measured during the survey. The results are 
shown below along with the yield of seed cotton for differnt soil depths. 


Change in Depth of Top Soil 

No. of fields aorording to soil depth 



Akola District 

[ 

Buldana District 

Yeotmal District 

Depth claRB 

Old 

Sottlo- 

mont 

(k>tton 1 
Survey 

Old 
Settle - 
inent 

Cotton 

Survey 

Old 

Settle- 

ment 

Cotton 

Survey 

SI'' and above 

226 

234 

130 

176 

159 

159 

15^-30^ . . 

182 

92 

151 

91 

131 

96 

Below 16* 

152 

234 

169 

183 

2J4 

249 

Crop-cut-ting v 

Soil Depth and Yield Belalionship 

xporiments on coil on. Yit'ld of sc^cd cotton in 

Ills, per acre 

District 

Above 33^ 

28"-33'' 

22''— 27^ 

]6"~21" 

1()"~15'^ 

0"-9'' 

Akola 

215 

270 

243 

188 

148 

125 

Buldana . . 

255 

232 

270 

165 

173 

134 

Yeotmal . . 

270 

2!)« 

1 

245 

188 

191 

133 


The results are a good illustration of the soil erosion that has taken jfiaco in 
the course of about 75 years. The fields whi(;h initially belonged to the second 
group have migi’ated to the third grouj) as a result of erosion, thereby decreasing 
the number of fields in the second and increasing them in the third group. In Class I, 
there is not much difference in the old and new do]jth8. It is possible that even in 
this class, the deeper soils may have lost some of their surface soil, but this cannot 
bo brought out as complete depths are not measured. It woukl be noted from 
the table that, whereas, the increase in the number of fields in the depth class ‘below 
15'" ’ is 54 per cent in Akola, it is only 16 and 8 |>er cent, respectivoly, in Yeotmaland 
Buldana district. Erosion has been more noticeable in Akola and least in Buldana. 
Wliilo the degree of erosion is dependent, along with other factors, on the type of 
soil, slope per cent and intensity of rainfall, it also essentially depends upon the 
cropping system in Toguo. Investigations into the causes of these wide differences 
would materially help to find out factors responsible for erosion or otherwise. The 
yields were in general, found to decrease with decrease in the top soil. Bhide has 
prepared a map of the cotton growing districts of Madhya Pradesh showing the 
rainfall, soil depths and yield contours which bring out clearly the inter-relation of 
yield with rainfall and soil depth. The map is given in figure 1. 
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As already noted above, proper land utilization calls for the proper understanding 
of classification, use and treat ment of land according to its capabilities. All indi vidual 
management ijractices which contribute to soil conservation and its productivity 
have to radiate from the soil as a focal point. 

The importance of crop rotations in general Ecuaintenanco of soil fertility is 
well known. Loss of organic matter and nutrient elements and deterioration in 
the physical properties or tilth of soil are a few of the several ways in wliich soils 
may deteriorate under cropping. Continuous cropping depletes the soil organic 
matter. The choice of crops in a rotation has to be based on the land use capability, 
which takes into consideration the information in regard to soil tyjje, slope, character 
and degree of erosion and other physical and land cjonditions. Some useM work 
in this direction has already been done for crop rotations with particular reference 
to sugarcane in the Bombay Province by Basu and similar work on some of the Uttar 
Pradesh soils has been done by Mukerji and Agarwal. 

The growing of legumes in a cropping system is widely recognized as useful in 
the maintenance of fertility but information in respect of legumes which will be 
most suitable for this purpose in the different tracts is meagre 
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The mixture of crops which includes some leguminous crops takes the place 
of rotation in many places. This also acts as an insurance against weather. As an 
illimt rat ion of how the j)ractico of growing wheat alone and Birra (wheat and gram 
in a mixture) differs from trac^t to tract, the following figures may bo of some interest. 

Area under ivheat alone and Birra. 

A veango oJ ton years onding 1939-40 (in thousond ooros) 


Traft 

Diatriet 

Whoal 

Birra 

Open Cult i vat i(>n 

Sau^^or 

492 

72 


H ohI laugabad Siib-Di visioi i 

.370 


Havnli I'ult i vat loii , . 

.1 ubbulpore 

1 1 1 

29K 


Nnrsiiighpur Siib-T)i vision 

S 

1 r, 1 


Suitable f'Tops to bo grown in a mixture and their j)ro|)ortion need to be worked 
out i'or ditfercuit soil and clirnatic conditions. 

More scientific work is needtKl in regard to the efP’ect of crops f>n those which 
follow. Amongst points for study are the biological processes, particularly tlu'. 
activities of the nitrogen fixing soil orga-nisms, 1 h<^ off(H*t. of legumes on the moistun^ 
and nitrogenous status of tlu^ soil and the availability of the mineral nutrients, 
eHj)eeia.lly pliosphatos in tlu^ different soils. 

Strij) cropping is another form of rota,tioji and its importance, in controlling 
run-ofl* and erosion and thus maintaining the huMilit y of t he soil is now uiiivia'sally 
recognized but little work is done in India-. Suitable close growing crofis re(|uire 
to bo determined ibr different regions and the width of strips and the seed rates to 
obtain best results for erosion control under different ])orcentage and length of slopes 
and tyj)e8 of soils rociuire to b<^ worked out.. 

One very important })oint is the importa.n(*e of grasses in the rotation. Jt is 
likely to ])la.y an important role in the agriiailt.ure of our (^aint.ry which would involve 
change in the tyiio of farming. Many of the lands would bo better suited for this. 
There is urgent need for more production in milk and milk products which will be 
possible if grasses and fodder legumes arc fitted into the rotation. The scope for 
this, ])erhiip8, appears to lie both under iriigato<l and dry laud farming. Much of 
the benotit from growing sod cro])8 is due to the influence they have ui^on aggregation 
or binding f ogethor of soil particles. A high degree of aggrt>gation promotes more 
ra]ud infiltration, more air movement within the soil, prevents (excessive rim- off and 
loss erosion occurs. 

The need for evolving suitable cto}) rotations in agriculture will be increasingly 
felt particularly in view of irrigation facilities which would bo available when the 
multi-purpose river valley projects materialize, if the fertility of the soil is to be 
maintained and good yields to be secured under the iritonsivo system of crojiping. 
In the dry farming areas where moisture is a limiting factor, introduction of a fallow 
in the rotation has a great advantage in the securing of good yields. 

The value of manures and fertilizers in increasing the yields of crojis needs no 
emx)hasiB. Crops differ in their nutrient requirement s. Some information is available 
in respect of oftect of nitrogen, phosphate, potash applied through bulky organic 
raiimires or fertilizers. Much leeway has, however, to be made to determine the 
dosage, form, time of applicat ion and method of application and their combination 
under different soil and climatic conditions. Very little work is done in India on 
the long term asjiect of assessing the value of organic manures. Green manuring, 
phospliatic manuring of legumes and general aspects of stock feeding and farm yard 
manure need to be investigated with a view to utilize the land ]:)roperly. Besides, 
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investigations regarding the general maiinrial requirements oi’ the crops as 
referred to a1)ove, much work is needed on other soil ameliorants incvlnding trace 
elements. S^iecaal cm])hasis needs to be la.id on trace elements, liming and the 
reclamation of alkali lands which have gone out ol‘ cult ivation. 

For ])roi)cr land use, a}iart from devising suitable jirotect.ive soil building crop 
rotations and their manuring, there is also need for rt^sorting to suita.ble tillage or 
cultural methods and simple engineering [)ra(4ices. In the first category may be 
included such items as depth of ])loughing, rojieated shallow cultivations during the 
monsoon period to (conserve wate.r, listing, rates, times and methods of seeding, 
sub-surlace tillage and adojit-ing tluvse pra(*tices on tho contour. For ]iroper land 
use and erosion control, contour t illage is a key practice. Tf a slo])ing field is ])loughod, 
planted «and cultivated around the (‘ontour level instead of uyi and down the slo]io, 
each row and j)lough furrow ac'ts as an impediment to tho downward rush of run-off 
water. This slows down the velocity of the water and enables more of it to enter 
the soil and in turn, diminishes t he power of run-off watcu- to carry soil idong with if . 

In tho other (‘ategory, viz. simyde engineering }>rac4icos, may bo included ter- 
racing which implies building ridges of soil of particular height whicli should Ix^ along 
the contour lines oF sloping fields in order to slow down and hold as miicli as |)ossible 
of the water which would otherwise flow downhill with increasing velocity. Earth 
bunding and bench terracing have boon knowai and |>ra, diced in parts of India foi* a 
very long time. These ])ractices need to he im]>rove(l and extended. Some work 
has been done in this direefiou in the Bombay ProviJico. SptMiticat ions of the 
terraces and tho intoi vals at- whi(‘h the\^ are to be (X)ustructed need to bo worked 
out for (lifferxmt soils with their slopes under the condition of the intensity of rain 
obtaining in the tract. In some cases, check dams and grassed waterways need to 
bo constructed to chock the gullies. 

In short . Agronomic s(nen(L> a.nd ])ra(‘tice ha-s mucli t o contribute t-owai‘ds better 
land use and conservation. Some of tlit> y>robiomB t hat need attont ion in this behalf 
have been outlined in the paper. 




SOME FACTOES CONCEENING THE TRANSPOET OF 
SEDIMENT BY EIVEES i 

By J. B. Auden, Jf.A., Sc.D. {Cantab.)^ F,N.L, Super inieji ding (hx)logist^ 
Geological Survey of J ndia, Calcutta. 


Summary 

Tho paper discusses the problem of capacity and competence' of rivers in t ransjM.)i*ting sedi- 
ment, based on tlie pioneer work of Gilbert, and subseejuent elaborations by Kubc'y, Qnirke and 
Mackin. It is suggested that suflieient attention lias not been paid in silt studios, as tlu'y effect 
oiigineoring projects, to the power fuirctiuns between ca])a('ity and comi'eteiuo wjt-li bed veloc ity, 
and indircH;1-ly therefore with discliarge. Dat-a collected by the River liosearch .Institute, West 
Bengal, and by tho CWJNC msoarch stations at Hirakud and Barahakshetra, indicate that tho 
silt (iontents of tlio Dainodar, Malianadi and Ivosi rivers are iiigher tlian tiio normal upper limits 
provided by A. N. Khosla’s formula. Tlic' special geological cojulitions relevmif to the' Kosi 
and c)Uier Himalayan catchments are outlined. Tlio possibility is then considc'it'd of the erosion 
and transport of the bed sands of those rivers midor condit ions orj)('ak discharge, and the' increased 
cross-sections thus developing which should be considered in estimating Hood discharge's. Finally 
t he pajicu* discusses tlve effect of the construct ion of dams on the retention of silt , and the fact 
that till' flood waters which will spill over the dams will not be flowing to full capacity or (‘omjK't - 
enco. From this consideration it is suggested that tho ‘fixed’ sand deposits b(’low thc' Maithon 
and Ranchet dams, which are nf>w^ used for sand-stow ing, may be fu’oded. Aiiothf'r effect of 
retention of siuid as deltas in the headwaters of tho reservoirs will be tho aggrading ol' river beds 
upstream. Such aggrading might bo a menacit t o structun's such as the Sindri Fei’tilizor IMaiit, 
were it not for tho proposed upstream control of tlu' silt charge by construction ol’ dams nearer 
tho tributary headwaters. 
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1. Introduction 

Nearly four years ago tlie writer })reparcd a small ro])orl for thc^ then Department 
of Labour, Government of India, to assess on limited evidence the (juantity of silt 
brouglft down by tho Damcxlar river, and the effect which tho construction of dams 
would have on sand supplies used for sand-stowing in Gie coalfields. It (;atuxot lie 
said that our knowledge has much increased since tlion, but it is thouglit worth while 
to review^ the data once moir^ from tho slightly different approiich of the geological 
jirinciples underlying tho argument. 

My colleague, Mr. A. B. Dutt, has discussed in a se})arate contribution to this 
Symposium the quantities of sand now present in the beds of the Damodar and related 
rivers and tho amounts required for sand-stowing o]>erations. Tliis iircsent paper 
is concerned more with questions of the capacity of rivers to transport sand and the 
effer^ts of dam construction on the annual increments. 


1 Published by permission of the Director, Geological Survey of India. 
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The jrroblom of sand supplies for stowing operations in the Jharia coalfield was 
discussed 20 yeaxs ago by C. 8. Fox (1930, p. 106), who classified the sand into two 
eatc^gories : — 

{(i) ‘Fixed’ deposit perennially^ present in the rive^r bed; regarded as 80 m. 

tons betweeai Amlabad and the end ol’ the coalfield. 

(b) ‘Current’ dci)Osit brought down annually by floods; regarded as 25 m. 
tons. 

The designation ‘fixed’ de})osit was not intended to im])ly that the sand in 
t he river bo<l was immovu>ble. Fox himself suggests that the toj) 6, or even 8, feet 
of sand in the river bed would be in movement during floods. The sand of the river 
b(Hl mtist indeed be cairied downi both as suspended and as tractionaJ (or bed) load 
during floods, and further sand would be dro|)])ed from upstream as disc^liargo and 
velocity diminished. Li this sense only is it permissible to regard these deposits as 
fixed, for in reality the sand must be for ever changing and renewed, and is not 
necessarily^ of constant, tliickness (rom yu'a.r to year. The sand stowing operations 
removal large quantities of sand annually from the river beds and the areas of ex- 
traction are invariably filled up by the subsequent, monsoon floods. For iustamaj, 
as mucii as T5 million tons of sand are required annually'^ by^ only^ 3 (iolliories in 
the Ilaniganj coalfield. 

2 . ( ‘APA C it y A N D ( OM PET E N C E 

The question of tlie ({uantity^ of silt carried annually^ by^ rivers is highly involved, 
since it is conn(Hd,od not only with the hydraulics of river flow" over beds of varying 
gradient, hydrauli(^ radius, and bottom conditions, but on the geological luiture of 
the c.atcliment, on climatcy and on the effccis of human action, sucli as d e-forestation 
and unsound systems of cultivation. Very divergent estimates have been made, 
pa.rtly' as a (;ou8e(|U(Uico of t.lie many different ty’j)es of catchment studied, but. ])artly 
beca.use expiuimontal studies oi' suspended load have varied in accuracy. The 
primal' V difficulty is to ma.k(^ any i(iiablc cstimaie of susjxaidcd silt (amtent during 
periods of peak Hoods and high flood velocities. Estimates oJ' traidiona.l or bod 
haul are oven more uncorta,in. 

Two liasic couc.eqjt ions involving velocity coefficients wore developed by Gilbert 
30 years ago, and have been elaborated by 'rwenbofbl, llubey", Quirke and Mackin 
in .more recent y (airs. 

('apaciljj ma,y bo defined as the maximum load tliat. a sl.j oam can carry in sus- 
])cnsion. Much depends on the coixdilions of the stream: whether or 
not the strcjam flows over a sandy bottom; the grade size of the silt; 
and the settling velocities of the largest j)ai'ticl(%s carried. Itclcvant 
to most riv(u*s of })cninsular India is Rubey’s statement that ‘in a 
stream free to pick up muciii sand and gravel as its velocity is increased, 
the unit width load will vary roughly as the third })owx>r of the 
“bed” velocity '. 

(hmipHence may^ ])e defined as the ability of a stream t o t]‘ansx>ort load in terms 
of dimensions of x)articles. Rubey^ gives the rule as folkws: — 
‘The weight of the largest debris moved by a stream varies as the 
sixth power (jf the “bod” velocity . ’ 

The largest particles moved in a stream w^ould form the tractional 
load, while the smaller particles moved would be transported 
as su8X)endod load. 

Rubey- discusses in detail the meaning of the term ‘bed’ velocity, showing 
that it is reduced by a low" hydraulic radius, such as is common to many" rivers of the 
Indian peninsula, and by" a decrease in channel smoothness. He x)oints out {p, 132), 
how"over, that bed velocity" is most sensitive to changes in the mean velocity^ and only 
very sliglitly- sensitive to changes in the roughness ratio. 
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Qilirkc (1945, p. 129) elabomtes the conception of capacity and expresses the 
effective energy of a stream carrying a load in terms of V—x, in which ‘ F’ equals 
the velocity of flow unimpeded by any load, while 'x' represents the reduction in 
velocity due to the load. In shallow rivers, Rii])j)lied with an abundance of sand 
load smaller in size than the maximum for which the stream is comjyotcnt, such as 
are prevalent in j)oninsular India, Quirke remarks that the factor ‘r’ must bo large 
and that the capacity may vary as ( F— He also cites the formula developed 
by Lecbalas, and earlier discrissed by Gilbert (1914, p. 195), for moveimait of rivers 
over sandy bottoms in France as : — 

r=A-(F,;-q 

where ca])acity varies as the square ol‘ the mean velocity, witli two onqurical con- 
stants. Even witli an assumed ex])onent as low as 1-5, a fourfold inerH^ase in the 
velocity involves an oiglitfold onlajgcmeut of the power product to wliich (uij)acity 
would be related. Wliatever tlie actual ex|)onent may be for j)articu]a.r local (Audi- 
tions, it is clear that the curve of silt load as a function of velocity is ]>[iraJ)olic, 
and that the load of suspended silt during short j)eriods of excAptional peak 
hoods may extreindy large. 

Leighly (1934, p. 493) has also stressed the im])ortan(ie of turbulence in stream 
transportation, and has shown t hat in the case of a normal symmotric.al (ross-section 
of a stream with rolativoh' large liydranlic radius, tln^ most active (erosion of bed 
de])osits is below two aic^as of maximum turbulence near the stream bottom and 
lateral to the axial zom^ of maximum surface velocity. Most ]>eniusular rivers 
have a low liydraulicj radius almost approaching tlio relatively small moan do])th of 
the river and the zones of turhuhuicc' iix tlunu are dearly much more irregular. Tur- 
bulent flow its(tf varies with a power ol tho velocity. 

Few data are available in this otfico regarding velodties of llood discharge flow. 
It is said that the Kosi river, wtuch flows througli a narrow gorge in the Nepal Hima- 
laya, re^idiod a. surface velocity of 28 ft. /sec. in 1948. Tn the (^ast^ ol’ wide flat-l)ottom 
rivers, siidi as tlio Damodar, discharges of the order of 500,009 cusecs are accompanied 
by surliKA vehxfities of 15 ft. /sec. and analogous bod velocities. The maxijuum 
recorded velocity of tlie Mahanadi at 8ambal])ur in 1948 was 8-03 ft./soc^. 
foT‘ a discluirge of 948,000 cuse(^s. Observations of suspended load are ijrosumably 
not very reliable in tlic case of discharges exceeding 5 ft, /set*., and may bo almost 
impossif)le during times of j)eak floods, sucdi as occairred in Juno 1950 on tlu^ Teesta 
river, which is said to have ]>assed a record discliarge of 000,000 cusecs thiough a 
gorge from a mountain catchment of only 4,800 s(p miles. 

3. Data about Suspended Load 

According to the Repoit of the Advisory Committee on the Hirakud Dam 
Project (Juno 1948), tlie total run-olF at Hirakud in 1947 was 39*18 m. acic-fcct, 
and the silt yield was 33,235 acre-feet, for a catchment area of 32,200 sq. miles. 
The mean annual run-ofi’at Hirakud is taken to hc' 50 m. ac.re-feet and, on the assumj)- 
tion that the mean silt charge of a (;a4chmont is carried in a year of mean annual 
run-off, the silt yield for the latter year was estimated projiortionally to be 42,5(X) 
acre-feet, or I *32 aere-feet per s(juare mile. Subsequent data obtained by the Hirakud 
Research Station under the charge of Dr. R. C. Hoon indicate that for the three 
years 1947--49 the average discharge was 35*75 in. aore-foet, Avith an average sus- 
pended silt content of 29,891 acre-feot, and a silt intensity of 0-93 acre-feet per square 
mile. If 50 m. acre-feet is still regarded as the average run-off, proportionality 
would suggest that the average intensity of silting would bo T3 acre-feet poi square 
mile. The figures given below for the Barakar river suggest, however, that it is 
unsafe to assume simple proportionality, since the silt content may be related to 
exceptional short periods of high-intensity precipitation and run-off, rather than 
to th€^ total annual run-off. 
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On page 29 of the Preliminary Memorandum on Unified Development of the 
Damodar Kiver it is stated that observations made during the monsoon seasons 
frc’in ]93^)-41, inclusive, indicated that the proportion of silt carried by the Barakar 
river at/ Biirhi amoimted to approximately 1 /350 of the avera.go flow. It was assumed 
that for the Damodar catchment as a whole the proportion would bo 1/500. If 
this proportion is applied to the mean annual run-off at Rhondia of 8 04 million acre- 
foot, the (piantity of silt would be 16,080 acre-ft., equivalent to 28 million tons at 
90 lbs. /c. ft, Sinc(i th(i (catchment area above Rhondia is 7,690 sq. miles, the intensity 
of silting on the above assumi)tions would bo 2*09 acre-ft. per square mile per 
annum. Those data have now been supplemented by fuller silt observations carried 
out by the River Research Institute, West Bengal, under the guidance of Dr. N. K. 
Bose (1949, p. 39): 


Monsoon volumes of discharge, of Barakar river near Giridih and KuUi together ivith 
silt charge, for June to October inclusive 


(Jfitclirnoiit 
A roa 

I Jarakjir (G iridil i ) 

1,540 H(]. inilos 

Barakar (Knlti) 
j 2,500 8(j. mdoa 


DiHcliai'^o 
ill million 
aero- foot. 

Sill <‘hargo 
in a('ro- 
feot. 

Siltation 
Intonsity ; 
aero- foot 
per sq. 
milo. 

Dischargo 
in million 
aoro-foot. 

Silt t-l large 
in aero- 
foot. 

Siltation 
Intonsity ; 
aci-c^-foot 
per 8 ( 1 . 
milo. 

1 945 

MOO 

2,511 

1-64 

1-803 



J 940 

2121 

4,439 

2-88 

3*027 

5,800 

2-32 

1947 

1 05:1 

4,399 

2-86 

2-501 

3,050 

1 *22 

1948 

1-058 

1,437 

0-90 

2-330 

2,171 

0-87 

Avoragfii 4 
years 

years and 3 

3,205 

2-08 


3,078 

1*47 


The iidcnsitv of siltatioii for the whole cat(-hmont based on the reduced value 
of the Barhi detfuminatiou agrees exactly with that subvsoqucntly found in the 
Barakar river at Giridih, but is too high for the Barakar further downstream at 
Knlti. It is likely tlierefore that siltation intensity on the Damodar at Rhondia 
would be oven lower than on the Barakar at Kulti, and might be of the order ol 
1 *3 acre-ft. per squaie mile. 

I'inally, data may be given for silt content during periods of flood discharge, 
the data being obtained from Bu(‘.kley (1928, p. 148) and Bose (1948, p. 3 ; 1949, j). 37) : 

Ounces 2 )er cubic ft. 
or grammes per 
litre. 


1. Sutlej 7-7-1894 (Buckley) .. .. .. 29-4 

13-6-1895 .. .. .. 25 

2. Kistna 27-7-1 900 (Buckley) . . . . . . 20 

22-6-1901 ‘ .. .. 23-8 

3. Barakar, Giridih 1-8-1947 (Bose) . . . . 14 

10 fbr more than 
13 hours. 

4. Damodar, Ramgarh 7-7-1946 (Bose) .. .. 22*77 

7-7 to 8-7-1946 .. .. .. .. 11*78 for 24 

hours. 



THE TRANSPORT OF SEDIMENT BY RIVERS 


505 


At iiarngarh ou tlie Damodar river the silt charge volume during 2^ days in 
June 1948 was 335 acre-feet, for a catchment of 1,250 sq. miles, and was equal to 
about 30 per cent of the total monsoon silt cliarge. In a single day (1 -8- J 947) at Bara - 
kar (Giriciih) the volume of silt charge was 2,568 acre-feet, whicli was higher than 
the total volume of silt charge for the individual years 1945 and 1948. Ou this day 
the silt content exceeded 14 oz./c.ft. for a maximum discliarge of 260,000 cusecs, 
and was greater than 10 oz./c.ft. for more tlian 13 hours during the higli stage. 

These figures demonstrate the immense activity of rivers during peak Hoods, 
throughout which periods, lasting only a few hours, the full imj)li(*ations of the 
])owor function become manifest, and the greater part of tlie geological work is don<^. 
When it is remembered that the figures refer only to suspended silt, and not to hod 
load, it is clear tliat the total activity of rivers during floods is even more impressive. 

4. Competence. 

Work done by OWING on the suspended silt of tlie Mahauadi river in 1947 
shows that 76 ])or cent of the total observed load was below (> ()75 mm., 13 jau' <ient 
between ()-()75 and 0-20 mm., and only 11 j)er cent greater in size than 0-29 mm. 
Data (ioncerning the grading of the Mahanadi laal sn.iids are la.ckiug. Similar small 
j)ereentages liave been found in the river waters of the Damodar basin witli r(i.s])Cict 
to the coarser particles above 0-61 1 mm. in diameter. 33io maximum [)crcxuit-ag(; 
of such particles recorded for the monsoon discliargos was 7-7 ])er cent at Bara-kai’ 
(Kulti) in 1946 (Bose, 1949, p. 40). The bod sands of the Damodar river IVom 


Argada to (^luunpadaga 

over a distance oi‘ 200 

miles were 

found by 

A. K. Roy 

(11)42) to be as follows:— 

1 

2 

3 

4 

5 

>0-421 mm. 

30-60 

32*20 

9*00 

28*00 

20* 12 

0-21[-0-421 

46*50 

49*01 

69*02 

62*05 

63*64 

0*139-0-211 

18*00 

5-14 

17*21 

3*77 

8-77 

<0-139 

4*20 

13*01 

4*09 

5-47 

5-06 

Greater than 0-21 1 mm. 

77*1 

81*2 

78*02 

80*05 

83-76 


4^he critical bod velocity at whicli movmnent- of sand greater than 0-20 mm. 
diameter starts is of t lie order of 0-05 ft./so(.‘., whereas sand pai’ticlos with dia, motor 
4 ram. begin to move witli a. velocity of 1-4 ft./soc. (Rubey, p. 133). It is evident 
therefore tliat the coarser fractions of these Damodar* sands begin to be eroded witii 
relatively insignificant bed velocities. 

It is seen tliat the Damodar bed sands liave higher perctentagos of (coarse grades 
than the silt obtained from suspension in the river itself. The silt, analyses refer* 
only to suspended load near the water surface and do not indicate tlie true picture 
of material transported during flood periods in the lower depths of the moving 
water. 

5. Traction AL Load 

The quantity of fractional or bed load moved by streams is known with 
even less certainty than the susx^ended load. Twonhofel (1950, p. 222) cites estimates 
in Europe of fractional as a percentage of bed load which vary from 14 to 30 per cieut, 
whereas in some exceptional American rivers the fractional and suspended loads 
have been considered to be almost equal. It is probable that the ratio will vary in 
the same strofim according to different velocity conditions, since the size of ])articles 
moved by traction varies with a higher power of the bed velocity than the load 
carried in susx^ension. It is difficult of course to relate the amount of bed load directly 
to competence, since competence refers to the maximum size of particles that can be 
moved and not to the quantity, but it has been shown that in the ease of a river able 
to put into motion progressively coarser grain sizes, there is a moderately close 
9 
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relatiousliij) ])otwoen tho quantity of debris in motion and the largest grain size that is 
being translated (Mackin, 1948, p. 469). During low winter discharges of many rivers 
the sand may bo soon through tho cloar shallow water being moved as bed load with- 
out any 8U8])endod load being present at all, whereas under flood conditions the 
suspended load is abundant, but the turbidity arising from it obscures any dii'ect 
observation of tho quantity being moved as bod load. 

The ratio will vary also between different streams, depending on the size of 
tho bottom materials. Mackin (1948, p. 470) has pointed out that the total load 
carried will be greater for a given velotuty for small sizes than for larger sizes, and has 
argued that for rivers such as the Damodar, which have particle sizes clearly not 
up to the full competence of the river during peak discharges, it is capacity which 
is the criti(;al factor, and the total load carried ])er unit width may vary as a power 
of the bod volo(uty which is luglier than the third power. In such a case, with bottom 
sands of relatively small x)arti(;le size, it is {)robablo that tract ional load may be rela- 
tively unimportant under birge discliarges, and susx)ended load forms the major jmrt 
of the total load. On the other hand, with rivers such as tho Kosi, which have abun- 
dant coarse boulders distribut(Kl in ra])id8 throughout tlie montane course, the fraction 
of bed load which moves under liigh velocity conditions may imu’oase relative to 
tlio siisj^ended load, and increased comi^etence is in a sense a measure of the amount 
of tractional load, 

6. Work of Rivers during periods of Flood DisonARGE 

Dr. N. K. Bose has sxiggested to me that the experiments on velocity have only 
been cjarried out within a very limited velocity range, and that extrapolation to 
tlio highcT' veloc-itios eiK^ountcred during large discharges is probably unsound. 
The maximum velocity in (ililbert's laboratory oxx)erimont8 a])pwirs to have boon 
3 ft. /sec. While it is possible that tho ex])onent may change with very high velo- 
cities, the geological evidence I'or major activity at times of high discharge and 
velocity is unecpiivocial, and doc^s not suggest tliat the rule is signihcwintly modified 
in the direction ol‘ diminished ca|>acity under such (jouditions. To account for the 
lack of correspondoiKH^ hot ween theory a.nd experimental results it might bo assumed 
either that the silt supplies from the catchments are small, or that the ex])erimental 
nvsults are not roi>resenlative i'or the higher ranges of discharge and velocity. It 
is true that some Indian rivers do not A'ield much silt, sucdi as the Cauvery at Mettur. 
But since soil erosion is prevalent in tho c;atchments of most Indian rivers, and since 
these rivers arc proved to ho very silty during flood periods, it is unlikely that there 
is a shortage of silt supply during ])eriod.s of concentrated precipitation and run-ojff. 
Moreover, tho rivers in their lower reaches flow over 20-80 feet of wide sandy bottom, 
part at least of wliicli is perennially water-born, and these sands are witness therefore 
of higher grade sizes being moved than arc recorded in the silt tests. 

Wluxt rivers are capable of doing during peak discharges is clear from tho nature 
of tho Colorado river at the Boulder (Hoover) dam. An inner gorge 75-80 feet 
deep below the rock bene*, lies on cither side, and some 120 feet below river bed level, 
was found to be jutted, fluted and pot-holed. Moreover a sawn plant of wood was 
found embedded in gravels at the edge of the inner gorge. It could only have reached 
tills position provided tlie whole mass of gravels from top to bottom had been in a 
condition of buoyancy and turbulent movement, during a historioally recent flood. 

Corroborative evidence huiS very recentl 3 '^ come to light of the same feature to 
tho Kosi dam site in Nex)al. My colleague, Mr. M. S. Jain, informs me that a piece 
of fresh wood has been found in diamond drill hole No. 201, which is the centre hole 
of the toe alignment, at a depth of 42 feet below the top of the bed sands and 
feet above ledge rock below the sands. Tho average thickness of the bed sands, 
which lie below 15 feet of quiet water during periods of low discharge, is 43 feet, 
with a range from 26 to 64 feet in 15 holes. The occurrence of such wood, almost 
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at the bottom of the bod sands, clearly indicates that during flood discharges the 
whole of the thickness of these sands must be in a state either of suspension or of 
movement sufiicient for the wood to have been left in that detip position. Another 
piece of wood was found from 21^ to 25 J feet below the top of the bed sand, and 10 
feet above bed rook, in wash-boring No. CD4. 

As already stated, Fox considered that the top 0-8 fcict of the bed sands of the 
Damodar may be under suspension during floods. This is probably an under- 
estimate for large discharges and it is conceivable that the whole thickness of sands 
may periodically be in motion. From data provided by Mr. A. B. Dutt, the average 
tliickness of the bed sands of the Barakar river between its conlluence with the 
Damodar and the Kalyaneswari temple, near Maithon, is 43 feet, udth cross-sectional 
ranges between 36 and 54 feet. But at the Maithon dam site, in the section where 
the river is at its narrowest (1,000 ft. wide) the bed sands art^ found from detailed 
dialling at 200 ft. centres to average 62 feet, with a range of 38 to 85 feet. It 
is of course arguable that the deeper scour at the narrowest section of the river 
took place during an earlier regime of the river, and has subsequently been tilled 
up by mainly non-scouring sands. But it is also possible tJiat, as in the case of the 
Colorado and Kosi rivers, the whole tlxickness of bed sands at Maitlionmay be seoiinui 
out and transported during floods such as occuri'ed in 1823, 1 840, 1 913, 1 935 and 1942, 
and that the deeper scour in the Maithon defile belongs to periodic peak discharges 
of the present river regime. The drill records at the Maithon site do not indicate 
any break in the nature of the bed sands throughout their depth, but suggest rather 
an essential continuity and a single regime. 

This problem is of relevance to estimates which are made of peak discharges, 
for it may be necessary to calculate the cross-sectional area of moving water not 
only u|)wards from bed-sand level, as it occurs dining small discharges, but fiom 
t he base of the bed sands resting on rock. In the case ol’ tlie Maithon cross-section, 
this would involve an additional area of some 62,000 square feet, wliilc in tlie Kosi 
gorge, Nejial, the additional peak flow area would be of tlie order* of 12,000 sq. feet. 

This (uilarged cross-sectionaJ area, set in motion during floods, wall natural]'/ 
involve greater flood discharges than arii normally accepted on the basis of a. cross- 
seidion taken down only to the toj) of the bed sands. 11’ all the i'actors involved in 
discharge are (correctly assesscid, the ratio of thti (adc-ulated run-olf to the actual 
ruu-olF should approximate to uuit>*. After allowance has been made for discharge 
int.o rivfTS from sxrrings and diffuse effluent siaqmge from the groiiud water, and for 
ineremoiits due to snow-melt and glacier-melt water, the discharge from stnuims 
should not (exceed the actual xirecii^itation over the catidnnent. This will set a 
limit t.o the actual discharge whiidi can be ex^rected from thi^. imlarged cross-section, 
and may lead to the conclusion that the bed velocities are much smaller than the 
surface velocities. Such considerations ajijily to the Damodar river, wliiuc the total 
discharge below the main tributaries over the Anderson Barrage is known, and forms 
a eheede to calculations based on enlarged cross-soc^tions. But uncortainty may 
exist about the rexuesentative (character of the raingauge st ations over a (jatclimont, 
jiarticularly in the almost unknown regions of Nei)al, Bhutan and Upper Assam, 
and it seems advisable to consider the iiossibility of the real discharges in times of 
flood being greater than those hitherto accepted in the little studied rivers of the 
eastern Himalaya. 

It may be noted that, whereas th<i bed sands of the Kosi river at the dam site 
are relatively fine, with only occasional boulders, the boulder gravels downstream 
thereof at Cliatra are very coarse. These gravels have been derived from upstream 
of the dam site and must have passed through the gorge during jjeriods when river 
competence was much higher. This points to the complete flushing out of all the 
fine bed material at the dam site during periods of flood discharge. The fact that 
only sands are dro])pod at the site durimg declining discharges, while gravels are 
confined to the rapids above and below the site, is admittedly difficult to explain. 
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Alteriiatjous oT rapiclH und still seotions iii the longitudiruil profile of a river imply 
sudden elianges in volooity, with acceleration and deceleration. It is possible that 
the deceleration whitJi arises where water passes from the rapids to the still seotions 
has a greater influence dui‘i ng a waning flood on coin})otence than on capacity, since 
(^om]>etence is more sensitive to changes in velocity than capacity. This would 
indicate that the coarse detritus carried and moved by a rivei’ in flood tends to be 
deposited with declining discfliarges in the rapid sections, where the deceleration 
is at a maximum. 

7. SlETATlON FoRMTOAE 

From a study of over 200 reservoirs A. N. Khosla lias developed an tunpirical 
rule for silting from catchments ex(;eoding 1,000 sq. miles in area. This states that 
the annual rate of sedimentation jicr 100 square miles of catchment has a normal 
upper limit ol* 75 acre-feet. It is probable that the majority of reservoirs from which 
this rule was derived ai'o lot;ated in the temj)erate climatic zone. Many of the 
reservoirs are loca-tod in the Western States of the U.S.A. where climatic and geologi- 
cal conditions are liroadly similar. 

The average I’atc of silting in the Mahanadi at Samhalpur, for tlu? years 1947- 
1949, is eonsidorod to he 0*9!1 a(^re-foot j^er square mile per annum, and possibly 
T8 aerc-foet for aji average discharge. The average o])served silt content ot the 
Barakar river near Maathon for 9 \ (',ars is 3,078 aci(^-i‘t. or 1*47 aco'e-ft. ])er square 
mile, wliich is double of that Indicated from the formula. In the (%‘ise of tho Kosi 
river in Nepal, tho annual silting rate is now determined by OWING to be 5-18 
a(u*e-foot per square mile ]>er annum, for the 3 years 1947-1949, which is almost 
7 times the rate derived from tlie em])irical rule. 

Tlui Kosi river is of iutetrest in showing a combination of ])eculiar conditions: — 

(a) tlui Himalaya is a. region of very ro(;ent overthrnsting and folding, and 
the river profiles indicate active downciitting concomitant with even 
more recent isostatic elevation ; 

(/<) many of tlie southern tributaries of the Srzn Kosi rivci' have catchments 
in outcrops of Siwalik clay, sand-ro(;k and (lohlfle conglomerates. 
Those rocks are vei*y poorly compacted and both tlu^ argillaceous and 
arenaceous iacies are (U'oded with tho greatest of ease ; 

(c) t he Arrni <'atchmeut in idbot Hows through extensive areas of Jurassic 

shales without vegetal cover; 

(d) ^^ithin tho catchment of tho Sun Kosi, Arun and Tamur rivers lie tlie 

liighest. j)eak8 of the Himalaya, with extensive snow fields and many 
large glaciers. The glaciers effect strong abrasion of their rocky beds, 
and tlio rock flour is carried down during the months of snow and ice 
melt ; 

(e) much deforestation has taken jdaco in the lower ranges. 

'liiose factors all c.onspiro to mu.ko the Kosi a very silty river. The Kosi has 
indeed built uj) a sub-delta of coarso sands and gravels, over 3,000 square miles in 
arefi, upon the Gazxgetic plain, and it is likely that tho capricious deposition of coarse 
detritus, where tho river debouches into tho plains south of Chatra, is one of tho 
factors responsible for the shifting course of the river. Another factor has been 
briefly mentioned elsewhere (Auden; 1949, p. 328). The Tista river has also had a 
very variable course south of Sovoke, which is probably due in part to erratic depo- 
sition of gravels at tho d6bouchure. 

Similar geological conditions apx)ly with slight modifications to many 
Himalayan livers in the catchments of which occur Biwalik outcrops and 
glaciated ranges. The Karnali river has a czitchment area of 20,600 sq. 
miles in tho western Nepal Himala^^a in which are present both high peaks, 
many glaciers, and extensive areas of Siwaliks. West of longitude 77*^ the 
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glaciers of the Himalayan range are somewhat less important, but the oiitc^rop of 
Siwalik and Middle Tertiary rocks expands to 30-50 miles in width and forms con- 
siderable areas in the catchments of the Sutlej, Beas, Ravi and Chonab rivt^rs. The 
very extensive and thick terraces of boulder gravels along the flanks of the Kali 
Gandaki river in central Nopal point to an earlier, but still recent, regime of the 
river when capacity and competence must have been exceptionally liigh. 

It must be accepted therefore that the rate of silting in Northern India is ex- 
ceptionally high, and does not conform to condit-ions charac'-toristio of more temperate 
climates and orogenically less active terrains. This departure from tem})eratf^ 
norm must be allowed for in estimating the life of reservoirs. 

8. Deposition durij^o the Ih^ETSTocENE 

The Siwalik rocks (Middle Miocene to Lower PleistocHme) which form a zone 
of outer footliills at the foot of the Himalaya for a distance oi' 1,500 miles of arc, 
represent an orogenic fa(;ios deposited in front of the rising Himalayan cdiain. Thesis 
rocks vary from 15,000 to 20,000 feet in thickness and die out radially, away from 
the mountain arc, under Gangetie alluvium. It would bo safe to assume a total 
average width of Siwalik formations, exposed in present out(iro])s, and concealed 
below the alluvium, of 50 miles. The whole of this mass of sediments has been 
deposited probably well witliin 10 million years. 

After early Pleistocene iblding and faulting had thrown up the Siwaliks and 
caused their partial erosion, the Gangetie alluvium accumulated in a downwarp just in 
front of the Siwaliks. The Gaugeti(} alluvium reaches a maximum thickness in 
North Bihar, where it may bo over 6,000 foot. This pile of sediments has been 
deposited within the Pleistocene period of about 600,000 years’ duration. If a prism 
of alluvium 100 miles wide is taken radially from the Himula \ an arc, one mile wide, 
and 2,000 feet thick, the volume of sediment is 5,580 billion o.l't. Assuming that 
this has been eroded from a rectangular area across the Himalayan arc 100 miles 
long and one mile wide, during a period of at most 600,000 years, the rate of sedi- 
mentation is approximately 2 acre-feet per square mile x>er annum, which is 40 per 
cent of that of the present Kosi river. I’he closeness of the figures is of c’.ourso fortui- 
tous and depends on the assumptions made. It may ho ol)joot(Ml tliat the sonthom 
part of the Ganget ie alluvium is derived from the ])oninsula, wliilo some of the Ilirna- 
la 3 ^an drainage now (?omes from across the Himn-kuan axis. Nevertheless, the 
assumj)tions made sro conservative, becaus(^ only a pert; of the width of tlit) alluvial 
Gangetie alluvium has been taken into account, and tlio thickness of the alluvium 
is likely over most of the zone extending 100 miles outwards from the Himalaya 
considerably to exceed 2,000 feet. Moreover, the period of 600,000 ye^irs is probably 
excessive since the pre-alluvial Siwaliks extend up into the Pleistocene, and the 
alluvium (;annot represent the whole time considered to bo covei ed l:>y the Pleistocene, 
This calculation has been forward not for any precise cpiunlitative i)urpose, 
but merely to provide an ai)X)roxiinate indication of magnitudes when dealing with 
orogenic sedimentation. 

9. Effect of Construction of Dams 

The limitations of space imx)osed on this Sym])osium do not x><>*‘Riit of any 
extended discussion of the ofiects of the dams on the migration of sand to the places 
from which, it is now extracted for stowing. 

There is no doubt that the whole of the gravel and sand brought down by ri vers 
will be retained by the reservoir basins, mainly as deltas in the headwaters where 
the higher velocity water enters the relatively still imj^oundod waters. It is xjrobable 
that some of the finer silt grades may pass over the sj>illways, l>ut tlio water which 
is spilled over the dams will most certainly not be transporting to full capacity or 
competence. 
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In so i’af aw the reservoirs are designed for flood control, peak floods will be 
eliminattul oxcej)t in the event of a second cyclone occurring in the catchment im- 
medialt^Iy after a reservoir has been fllled by run-off from a previous one. Never- 
tlielesR, in the latter part of the monsoon considerable discharges must be expected 
from the reservoirs. 

Since these waters will be almost silt-free, they will be flowing over the bed 
sands downstream of the dam Avith potential ability to take up sand to satisfy the 
particular velocity and volume! ric conditions of the regulated flow. It w^ould appear 
therefore^ that th(^ effect of the construction of dams will be to cause erosion of the 
bed sands below thc^m., of comj)aratively fine particle size, by the almost silt-free 
s])ill waters, and a gradual diminution in the reserves of the so-called fixed deposits, 
wliich undei' th(‘- new conditions would receive little or no increments from upstream. 
In th(^ probably not. too rare event, of a storm hitting the Damodar basin within a 
month aft(‘i- tlu^ restavoiis hav(^ been filled by a pievious one, large discharges of 
t he fU'der of 200,000-1100,000 cusecs may be expect ed over the Maithon and Panchet 
(lams vvludi could, according t o theory, remove a great deal of the bed sands below 
them, dliis is a fatitor which the coal companies should bear in mind in future 
planning. It may be advisabk^ tn shift the locations of sand supply to the deltas 
which will grow at. t he headwaters of the reservoirs, though this will involve a greatly 
iiKireasc'd haulages The quantity of sand reaching these deltas will (certainly be 
diminislu^d, however, l)y con.si r uction of' dams upstream of the Maithon aiid Panchet 
reservoirs. 

Anot her point, may be st r essed. As the deltas build outwards into the rx^servoirs, 
they also aggiadt^ In a very able discussion Mackin (1948) has shown that the 
aggradation spreads with great rapidity for lojig distanctes upstream, and may effect 
lines of c^(nnmnni(^ation and also towns. The Sindri fertilizer factory will bo near the 
headwattas of the Panchet reservoir and, without upstream deveio])ment , a delta 
would be built u]) considei ably above the elevation of full supply level of t lie n^servoir. 
Bui in t his Ctase, the eonstruction of the Aiyar and Konar reservoirs upstream of 
Pamdud. should materially coiiirol the entrance of silt into the Panchet reservoii* 
and lesstai the tendency of aggr'adation. Aggrading delta formation should also 
be und(‘r’ observation at the headwaters of th(‘ Hirakud resc^rvoir up the Ib river. 
If const ni(i ion of the Diidh Kosi dam is delayed, intensive gravel formation at the 
Imadwat fa s of t he main Kosi r eservoir wilj tend to fill up tlie valley and incrcnisr^ the 
exca vation iK^cr^ssary for the foundations of tlie Diidb Kosi darn. 

Pinal ly, the question of' navigation below storage resm-voirs may be raised. 
Mackin (]). 495) sliowed that the reduction of peak discharges may result in 
aggradation of the trunk strcaiin Ixdow major tributary junctions, since the con- 
trolled dischargr^s are no longer able to move much of the detritus delivered to th(‘y 
main channel by flash floods in the tributaries. This case is an exception to the 
geireral rule of greater down-erntting in trunk streams below storage dams, but may 
bo very rcdeA ant to t he Ciuestion of navigation. For aggradation at the eonflueneos 
of silt\' uncontrolled tribut aiics with main rivers on which storage reservoirs have 
been built ma>' rcnd(?r navigation at those points more difficult. TIk^ Tel river 
Iniow tlie Hirakud dam, and tlie Adjai river below the Maithon and Panchet dams, 
arc cases in j)oint. Th(‘. construction of the Tikapara dam below the Tel confluence 
with the Mahanadi would of course eliminate the difficulty on that river by (Toat- 
ing a navigable reservoir. 

Conclusion 

The object of this discussion has been partly to emphasize the power functions 
of capacity and competence with velocity, and partly to suggest the modifica- 
tions which the structuriy recent tectonic activity, and climate of northern India, 
are likely to impose on empirical rules of silting derived from other, in the main less 
revolutionary, environments. In so far as the life of reservoirs is concerned, it 
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would appear necessary in many catchments in northern India to allow for a greater 
rate of siltation than would be indicated from the rule under discussion, 
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SAND-STOWING 


By A. B. Dittt, M.Se,, F.G.S.y Geologist, Geological Survey of hidia, Calcutta. 
(C()ininnniea.tod by Dr. W. D. F.N.l.) 

Summary 

Sand-stowing was first tried at Ballarpur about 1914 and subsequently introduced in the 
Jharia, Kaniganj and other coalfields. Stowing has botlj advantages and diBodvontageB; the 
main objection is economic becaiiso it raises tlio cost of production of coal. 

Hydraulic stowing is most suitable in India as there are a{)j)arcntly adequate supplies of 
sand and wator in t he rivers near the coalfields. The Coal Mines Stow ing Board, set up iTi 
for providing for safety in cool mines by stowing, grants assistanco for stowing for certain specific 
purposes. Although some private firms liavo been stowing in tlie different coalfields for safety 
in the mines while aiming at maximum extraction, it is a faci. tliat .sand-stowing so far lias been 
extended for safety only and not also for conservation. The .scope of stowing, tla'reforc, should 
include the conservai-ion aspect as well. 

The Jamhad-Kajora and the Jharia fields are in urgent need of stowing in the immediate 
future, where to 4 and 27 million tons rospoctiv'cly of sand w ill be rccjuircd. The scope of 
stowing will further increase if and when underground gasification of coal is undertaken in this 
country. 

As regards the sand in tlie rivers adjacent to the Haniganj and tlio tlharia c(^alficlds, it lias 
been estimated that i!i tlio former area 990 million ton.s of sand containing about 15 to 20% of 
clay are available, while in t]io latter some 140 million tons of sand together wdlli 25 i o .*{() niillion 
tons of older alluvium are availalJc . TIk' (|uantity is c<)nsid<?red to siifTlcieni for the Ivaiiiganj 
coalfield, but the amount is inadofpiate to moot the })robabl<^ future requirements f)f the dhariji 
field. TTonco there is the necessity h r extensive resiurrclj for finding out now material for stowing. 

The question of the annual replonishmi.'nt of sand will bo more complicated after darns have 
been built across the Damodar and its tributaries, when pract ically all the sand and silt will be 
deposited in the n^sorvoirs and ttjey will have to Ikj nanovx^d by dredging. IMii; alTorostation 
programme of the Damodar Valley Cor})oration in tlie cat.elunont of t ht) Damodar river system 
may further reduce the annual roploniahmont of sand in the rivers. 

InTRODUCTIOTSi 

Tlio Damodar Vall(\y kas boon roforred t-o as tho Ruhr of India. Tho coalfiolds 
in this valloy aro rosj)onsil)lo for about 80% oi'iho total out,])ijt oi’ooal in India, vuduod 
at. ‘15 eroros of rupoes. For fho ohiciont and maximum oxtru,ction of (oal, sand- 
stovving is bofjoming moro and moro importaul' in Iho (a)altiolds in tlio Damodar 
Valloy and in otlior a.roas. Hand-stowing is tlio procoss of filling n]) with sand ol‘ tho 
space whidi was previously occiij)iod by (?oal but sul)soquontly omj^tiod ]»y tJi(^ 
extraction of tlie lat ter. This was ])ractised for tlio lirst time in tlui United States 
of America about the year 1892 with the object of piotocting buildings on the surface 
and also the surface itself. In India tho introduction of this ])roceRs is (:*(>m.paT’a,f4vel\^ 
new; it was iirst tried at Ballarpur in Madhya Pradesh about 1914 and sul)sequoutl\^ 
introduced in tho Jharia coalfield about 1919 . Since then it has gained iurtlier 
popularit y and the method has since beem introdiu*ed in certain ])arts of tho Raniga.jij 
and Bokaio (coalfields in Bengal and Bihar and also in other coalfields in India-. 
At ])resent there is one other (country, viz. Poland, whi(ch praectises hydra, ulicc stowing 
compai'able to that in India and whore for the [)res 0 nt ]^rodii(cti(jn of 70 million tons 
of coal, 11 million cubic metres of sjind u-re stowed; fho n^spedive (pianl-it ic^s for 
India being 111 million tons of (coal and 88 lakhs tons of sand in 1949 . 

Advantages and Disadvantages of Stowing 

By recourse to stowing most of the dangers arising from subsidences, fires, 
premature collapses, explosions and flooding in ccwil mines can be avoided and also 


VOL. XVI — No. 6 (November-Deoembor), 1960. 



614 


A. B. dittt: sand, stowing 


by this tho m/iximum percentage of recovery can be effected without any loss of 
unworkcd coal <and in a general way the working conditions for miners are made more 
sale. Stovvdng also helps in the concentration of operations in connection with 
winning of coal, improves ventilation and makes haulage and traffic underground 
muc‘li safer. As against the above advantages the main objection to stowing is 
economic — it involves a cost which goes to increase the cost of j)rodxiction of coal, 
thus i^utting the mines that take recourse to stowing in a disadvantageous position 
vis-a-vis those who do not stow. In some cases, however, when stowing becomes 
absolutely neceswxry for a particular colliery for extracting coal it has no other alter - 
native but to take to it and run into additiontil firuincial commitments. 

Cost of Stowing 

The cost of stowing varies but usually it is not cheap; in fact it constitutes the 
major ])(>rtion ])er ton of coal raised. Mr. L. J. Barracloiigh (1950), mentions that 
although longwall working has been resorted to in India for stowing to avoid disas- 
trous major ‘bumps’, it has no direct advantage over normal pillar extraction with 
c.om])leto stowing in so far as cost is concerned. Mr. Barrac lough gives com})arative 
figun^s of cost for the two systems which are Re. 1-5-8 and Re. 0-9-4 for two collieries 
1 ,460 feet and 916 foot doej) and carrying out the longwall working and })illar extrac- 
tion rospoctivoly. Ho further mentions that., ‘The extra cost for longwall work 
mainly is due to the number of extra men required for erecting and removing boxings 
and th.e cost of boxing nmterials, ’ Mr. A. B. Gulni (1950), who was in (*harge of a 
gi’oup oi’ collieries in Madhya Pradesh during the last War, whore hydraulic stowing 
in longwall laces was carried out, has i)ointed out that the cost thereof was com- 
paratively lower. It is therefore necessary to ascertain whether reduction is possible 
‘of this }>artic\ilar item, otherwise winning of coal by longwall methods and spo(nally 
by sand-stowing may not be remunerative and colliery owners may hesitate to adopt 
longwall system of winning coal by hydraulic stowing’. 

Method of Stowing 

Stowing can be done by hand; it can also be pneumatic? and hydraulic. Hand- 
pa(?king is a dry and slow process which is comparatively loss costly as it docs not 
require any water used for the work- to be pumped out. This, liowover, can bo 
practised onl>^ in small operations. Pneumatic? stowing is also a dry process in 
w}uc?h cora])resBed air forces the stowing material into the required position. This 
is rather expensive and is only suitable for deep mines from which the pumping 
of underground water involves some high cost and in cases where there is no adecpiate 
sujq)ly of water for hydraulic stowing. In India the hydraulic stowing is most 
suitable for the simple reason tliat there are apparently sufficient supplies of sand 
and water in the rivers in the neighbourhood of most of the coalfiolcis whore the 
inclination of the seams is generally suitable for the jirocoss. 

Stowing Material 

It goes without saying that sand is the most suitable material for sand-stowing 
wliorofrom the name lias been derived. Some other materials such as ash and cinder 
from boulders, rock debris and surface soil (suitably (crushed wherever necessary) 
occurring in the neighbourhood of the stowing places are also conveniently used for 
stowing. Sand, for stowing, does not require to be crushed and it has the further 
advantage that it is subject to very little compression after settling. 

Contributions to Stowing 

The Mining, Geological and Metallurgical Institute of India has taken a keen 
interest in the matter of sand-stowing and it is responsible for some of its members 
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producing fine papers on the subject. One of the latest is a valuable contribution 
to the subject of hydraulic stowing by its President, Mr. L. J. Barraclough (1960). 
Some of the company members of the Institute, such as, the Bengal Coal Co., Messrs. 
MacNeill & Barry Ltd., Bird & Co., Tata Iron & Steel Co., etc., have been responsible 
for doing a lot of stowing in their collieries and thereby also helping in the research 
on the subject. 

Legislation for Stowing 

The Coal Mining Committee of 1937 recommended for the creation of a Statutory 
Authorii.y for (controlling stowing operations in the (collieries. But the Covernrnent 
of India set u]), instead, the Coal Minos Stowing Board. The Coal Mines Safety 
(Stowing) Act, which was concerned only with ihe safety in coal mines, came into 
operation from the 27th May, 1939, and luid been applicable to the whole of 
British India except Assam and the Punjab. The objects of the Act are as follows : — 

(i) To make further ])rovision for safety in coal mines, by taking me^isuros to 

lacilitate or* require therein the carrying out of the operations knowji 
as stowing ; and 

(ii) to provide for the (creation of a Fund for the assistance of such o]>()ration. 

The Chief Inspector of Mines in India or an Inspector of Minos under him, 
according to the Act, has got powers to ordei the owner, a.gent or manager of a (colliery 
to oxocuto such proUnctive measures, including stowing a.s the Chief’ Inspector of 
of Mines may consider necessary if the former is of opinion that: — 

(а) the ext raction or reductiim of pillars in any part of the mine is likely to 

cause the crushing of pillars or the premature collapse of any part 
of the workings or otherwise (uidangor human life or the mine, or 

(б) adequate })rovdsion against the outbreak of fire or flooding has not been 

made by providing Ibr the socaling off and isolation any ])art of the 
mine or for restricting the area that might be affected by fire or flooding, 
as the case may be. 

As regards the creation of a Fund, the Government of India had fixed annas 
two j)er ton as cess on coal and soft coke and annas throe per ton on hard (coke from 
the Ist December, 1939. These cesses have, subsecpiently, been increased by 50 per 
cent with ©fle(*t from the 1st May, 1947. The collection is made by tlie Kail way 
Administration and the total amount, after dediucting the (collection charges, is 
handed over to the Stowing Board. 

Rules for Grant of Assistance 

The Stowing Board has formulated the principles whi(^h are to govern the grant 
of assistance fi om tlie Stowing Fund to the owners, agents or managers of collieries 
and rules have been framed under the Coal Mines Safety (Stowing) Act. According 
to the rules, the Stowing Board has authority to grant assistance for the following 
purposes : — 

(a) For stowing or other proto(ctive measures whidi are required to be under- 
taken by an order issued by the Chief Inspector of Mines in India 
under sub-section (3) of Section 9 of the Act; 

{b) For any protective measures which in the opinion of the Board are essential 
for the efifecf ive prevention of the spread of fire to, or the inundation 
by water of, any coal mine from an area adjacent to it ; 

(c) For stowing operations voluntarily undertaken by the owner, agent or 

manager of the mine in the interests of safety ; and 

(d) For research connected with safety in mines. 
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As regards protective works under (a), a number of orders have been issued and 
important protective works, especially in the Jharia and the Karijore fire areas, 
have been undertaken for some time past and are still being continued as provided 
for under (b). Regarding voluntary stowing as provided under (c), the greatest 
activity has been on record in this connection. 

Order of Priority for Giving Assistance 

The following order or priority is kept in view when applications asking for 
assistance for voluntary stowing are considered by a Standing Advisory Committee 
appointed by the Stowing Board: — 

(a) Anticipated immediate danger to themselves and to other collieries. 

(h) Anti(*i])atod major danger to their workers. 

(c) lA^sscr degree of urgency under the above heads. 

(d) Alinormal working conditions due to geological foaf uros involving added 

risks. 

(c) Working under fire areas or under water (vide Regulations OT-E, 72-B or 
7.5 of the Indian Coal Minos Regulations). 

Stowhng for Conservation of Coal 

It will ap})6)a.r, therefore, tliat the sco])e of the Act is confined to stowing for 
safety only and not- for (Dnservation. In view of the heavy losses of c*oa1 due to 
file and colkipsoa it- is f'elt that time has come hir enforcing stowing for conservation 
also and in view of the rather limited reserves of good metallurgical coal and of the 
])roi)osed (expansion in the iron and steel industry in the country, (‘omindsory stowing 
a])poars to 1)0 essential. Mr. Treharne Roes, as early as 1919, recommended the 
introdu(;tion of hydraulic stowing in the Jharia and Raniganj coalfields and the 
Coal Committee of 1920, which considered his re])ort , came to the conclusion that no 
im])rovomont- in the prevailing wasteful methods could be ox])e(‘ted without State 
interlcrence and that sand-stowing should be made compulsory within ctudain limits 
with provision for com])onB<aiion. The Coal Mining Committee of 19J7, whi(*h was 
primarily concerned, under its terms of reference, with salety in mines, while con- 
sidering the im])ortance of conservation of the country’s resources of good quality 
coals realized that stowing for safety in mines and preservation of the admittedly 
limited rosou7*c(‘-s of c*oal were exssential. The Indian Ooe-lfiold’s Committee, 1946, 
stressed the necessity for extending stowdng for (‘Oiisiawation also. But so far the 
Government of India have thought fit to extend stowing for safety only and not 
aJso for conservation. 

Tlio Metallurgical Coal Conservation Committee of 1949 is believed to have 
also rea.lized that the scope of stowing should in(tude the conservation asjjoct as 
W(dl. It is not known if the Government of India will introduce stowing also for 
conservation of at least the good quality coals. 

Underground Gasification of Coal and Stowing 

The aco])o of stowing will further increase, if and when underground gasification 
of coal is undertaken in this country. The first idoii for undorgi-ound gasification 
of (‘oal ocaairred to Sir William Ramsay of Great Britain, wii(U‘o, as also in the United 
States, no effort was made to give a practi(?al sha}>e to it. The graat Russian scientist, 
Mondeleef, independently advised the conversion of coal into gas in the coal seams 
and the Soviet Government in its turn took up the problem of underground gasifi- 
c-ation and preliminary w^ork was started on an ex})orimontal basis in 1932. The 
devolopinont of the technique in U.S.S.R. has been dealt with in a recent x>aper by 
Dr. A. K. Shaha (1950). In India, no work so far has been done towards the under- 
groimd gasificjation of coal, but here the requisite type of coals may he available. 
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This is, however, still in its infancy in Russia and we will have to await the develop- 
ment of requisite technique for satisfactory work. Underground gasification includes 
injection of air and steam through burning coal underground, whereby a mixed gas 
containing CO, CO 2 , H 2 , CH 4 , C„H^, N 2 , etc., is produced. To ensure that the 
injection of air and steam reaches the proper place, it is absolutely iKx^ossary that the 
void created by the burning of coal be properly filled U]). This filling could bo done 
by (i) natural fall of earth, (ii) pneumatic filling, and (iii) hydraulic stowing. It will 
be clear that hydi’aulic stowing does not require the introduction of steam as it serves 
the double })iirpo 8 o of sealing and steaming. Thus, if and when undorgrouiid gasifi- 
cation of coal is undertaken in India, additional quantities of sand will also be 
required for filling up the space created by the burning of coal undorgi ound. 

Reserves of Sand 

It has alre<idy boon mentioned in a general way that sand and water are available 
in sufficient quantities in the vicinity of the coalfields. It is now nocossary to coiisid<u' 
to what extent the stowing material will be available and also to understand tlio 
economics ol' stowing. Mention has boon made that such materials as ordinary 
earfli, broken stone excavated from quarries and such incombust ible substan(x> as 
ash from boilers have been used in some cases mainly for stabilizing underground 
workings where sand is not readily available; but the available quantities oi’ such 
material are voi y limited. India has boon very fortunate in so far as the availabili 1 /y 
of sand is com;orned from her rivers, espocdally from those in the vi (unity of tluj two 
main coalfields, viz. the Jharia and the Raniganj coalfields. As rcg^irds f.he (juanti- 
tios readily available in the neighbourhood of the two above-montioued (ioallields, 
the Indian (Coalfields’ Committee of 1946, considered the position as satisfactory 
and stated (on |>age 92) in its report that — 

'On the whole, the available evidence points clearly f/O the existence of 
adequat/O sand dej)Osit8 in the three rivers (Damochii*, Bai'akar and Aja.y). liut 
the ])osit-ion has been compliciated by the plans for the (instruction of <lams 
across the Damodar for flood control and irrigation and much genuine concoiTi 
has boon felt al)()ut the prospects of s<and replacement in the future. ’ 

The quantities of sand available from the j)re 8 ont bed of the Damodar river 
witliin the Jharia (xxaliiold wore estimated by Sir Cyril Fox (1930) on a v(u*y limited 
data. Messrs. Bird cK: (Jo., who hold the lease for sand in the Damodar adjacent to 
the Jharia coalfield, have undertaken sand-drilling operations in the river from 
Kalhajhor (23° : 35^') uj' to Tetongabad (23° 43' : 86 ° 20^') and have esti- 

mated that some 140 million tons of river sand occur at ])resent as the fixed deposit 
of the river in the Jharia field. In addition, the older alluvium of the Damodai* in 
the above aroii, which might also be a suitable material for stowing, was estimated 
by Sir Cyiil Fox at 25 to 30 million tons. 

The Coal Mines Stowing Board has for some time under consideration a scheme 
for the supply of sand for stowing at collieries in the Jambad-Kajora and Toposi 
areas in the eastern part of the Raniganj coalfield from the Damodar river at 
Shi'irampur (24° 34' : 87° 12|') and from the Ajay river near Ramnagar (23° 44' : 87° 
15J') using aerial ropeways. Advice was sought from the Geologi(;al Survey of India 
regarding the quantity of river sand available in the two areas. In furthoranco 
of the above programme and in connection with the general sand-stowing pro- 
gramme for conservation of coal and the safety of mines in the Bengal and Bihar 
coalfields, the Geologicjal Survey of India, in order to arrive at fairly definite esti- 
mates of river sand, carried out extensive sand drilling opeiations by making drill- 
holes at suitable intervals in the following areas : — 

(i) In the Damodar river from near Shrirampur (24° 34' : 87° 12 J') upstream 
to its junction with the Barakar river, 
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(ii) in tho Burakar river from its junction with the Damodar upstream to 
near tho proj^osed Maithon dam silo, and 
(iii) in tho Ajay rivor from the north-western end of the trans-Ajay held near 
Pariarimr (2:r 50' : 87° 03') to north of Madhaipur (23° 43' : 87° 2J J'). 

Tho holes wore put down at intervals of 1 ,000 feet both along and across the 
river bods and the total number of holes was 321. Tho results obtained, b}^ the 
Geological Survey, are given below in a summarized form : — 


Reserves of Sand in the Damodar, Baralcar and Ajay Rivers udthin the Raniganj Coalfield 


Rivor 

Area 

Averiigo 
thickness 
of sand 

Total in 
million tons 

(A) Durnodar rivor 

Baska (23^^ 34' : 87^ lOj') to 
Pinjrapolo (23^* 33' : 87° 14'). 

29^ ft. 

70 (including 10% 
clay). 

Ditto 

Baska to junotioii of Damodar 
and Barakar. 

32i ft. 

510 (including 10% 
clay). 

(15) Banikar river 

Junction of Barakar and Daino- 
dar to Maithon (23° 47' : 
86° 49'). 

42^ ft. 

120 (including 20% 
clay). 

((J) Ajay rivor 

Rarnnagar (23° 44': 87° 15^') to 
Chhatrishganda (23° 44': 87° 
13^'). 

8 ft. 

1 9 ft. 

3") (including 40% 
> clay). 

173 

Ditto 

1 

Pariarpur (23° 50': 87° 03') to 
Clihatrishganda and Ram- 
nagar to Madliaipiir (23° 43': 
87°21i'). 

351 ft. 

270 (including 20% 
clay). 


Total 


990 million tons. 


Sand in some (piantities is also available in the Damodai*, Bokaro and Konar 
rivers within tho Bokaro coalfield and although the actual quantity has not yet been 
estimated it is belioved that it may not exceed a quarter of that in tho ])amodar 
river in tho Jharia cjoalfield. Further up the Daniodir rivor, in the Karanpura 
hold, the bed of the rivor is still more rotdvy and tho accumulation of sand is very 
scanty. 

Replenishment of vSand 

As regards the questions of availability of wider and tho annual T’ 0 ])leni 8 hmerit 
of sand in tho rivers, Dr. Auden is dealing separately on them, in tho Jharia coal- 
field, Dr. Gee (1947) mentions that, even if wo ‘allow a total of about 200 million 
tons of readily available stowing material as the fixed deposit, it is quite a])parent 
that, in order to provide an annual quantity of even 20 niillion tons ])er annum to 
meet the needs of the Jluiria coal industry, a very largo annual roplenisliment of 
river-simd during the flood-period of the monsoon is essential, otherwise supj)lieB 
will be depleted within a short period of years.’ Tho present rate of armiial re- 
plenishment of the sand is not known with any degree of accuracy, but it is said 
to be of the order of 1 1 million tons. When the dams are built across the Damodar 
and its tributaries most of the sand, if not the whole of it, will be deposited in the 
reservoirs from where the sand and silt will have to be removed by dredging and 
distributed to the collieries for stowing. 
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I may also make a brief mention her© of the prox) 08 ed afforestation prograiuim^ 
of the Damodar Valley Cor})oration in the catchment of the Damodar river system 
which may further ledufo the annual replenishment of sand in the rivers. Affore- 
station is one of the measures which has been found useful in combating soil erosion. 
In the c^atchmont of' the Damodar river system it has been obsei ved that 60-70% 
of the area has a cover of subsoil and decomposed rock varying fi‘om 0 t o 6 imdies, 
while the remaining 30-40% has a soil cover varying from 6 inches to 3 (bet and above. 
In the former are«i. afforestation will aid reclamation while in the latter it will hel]) 
soil conservation. 

Planning and Research 

Mr. L. J. Barraclough (1950), in responding to the toast at the Amiual Dinner 
of the Mining, Geological and Metallurgical Institute of India in December, 1949, 
observed as follows : — 

‘The question of planning with regard to sand-stowing occujues our* minds. 
The Jambad-Kajora field which produces high volatile coals is now in urgent 
need of stowing and from 3J to 4 million tons of sand will Ix) required yearly. 
For the Jharia field the quantity of sand will increase to 27 million tons per 
year starting in 1955. It is of great urgency that com}>lete schemes bo drawn 
up now for stowing in the Raniganj and the Jharia fields. ’ 

In the discussions following a very recent paper of Mr. R. R. Khanna (1950), 
it has been evident that (*ert.ain mechanical difficulties are being oncoimtered in 
the matter of stowing. Tliese require jrrojjer attention from competent people 
who are in a ])osition to solve them. 

Also, although the (piaiitity of available srind in the rivers traversing the Rani- 
ganj field may l)e (considered to bo sufficient for stowing purposes in this aroii, the 
Sfind together with the quantity of older alluvium in the Damodar river in f he Jliaria 
field is not considered to be enough to meet the probable future requirements ol’ 
this field and also tliere not hv> adequate quantities of siind rcvidily available 

in the rivers in close proximity to oth(3r coalfields, where stowing operations are to 
continue or are likely to be introduced in future. 

It has boon suggested that the ash from the Bokaro Thermal Plant may be used 
for stowing. Although the material could be used with advantage locally in the 
Bokaro (coalfield, it is doubtful whether it could be transported cIioa])ly to the Jharia 
coalfield, wlmreiji exist most of the good (piality caking (^oals of India whicli have 
to bo stowed for their efficient and maximum extraction. 

It is, thoi*efor(i, felt, that there is now the urgent necessity for planning for stowing 
and for extensive research not only in the development of the technical methods, 
but also for finding out now materials suitable for stowing, which could bo made 
available to the collieries at a reasonably small cost. 
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Discussion 

Mr. T*. TC. Ghosh. — 1 would like to take tins opporUmit^ nt tluinking the autlior for Jiis 
(excellent })apor giving so much information as regards the availability of sand in the rivers 
adjoiidng the coaUiolda of llengal and Bihar. 

Though it has been considered until recent years that (lie sands required for stowing in 
tJjo Raniganj and Jharia (loalfields are riioie or h>ss sufficient for the j)UJ'j) 06 e of safety in the 
mines, with tlie dams now to be built across the Damodar and it s ti-ibutarics, the annual replen- 
ishment of sands in the rivers may not be sufficient for future needs, Practically all the sand 
and silt will be deposited in the reservoirs, and liaise W'ill Jiave to bo removed by di’edging. This 
will mean extia cost'. It is now time, therefore, that we should think alsc) of other st owning materials 
besides sand. There will be a good amount, of w ashery refuse (win ii eoal wasliing plants ar<^ 
installed), boiler asli, se^-eening plant rejectioias, shales, surfa<-e soil, sub-soil, etc., ready available 
within the easy r(!aeh of mines. 'I’iiose mah'iials ean at It'ast suj)plement sand as Bt(>wing mate- 
rials, As regards the scsubstitided stowhng mateiials, an iiitereRting ])aper wf^s written by Dr. 
H. K. Roy in 193K {Trems. Min. Gcol. Just. Imh, Vol. 33, Pt. 4, i>p. ^t43-454). Dr. Roy 
has iiK'ntioisid that this ‘muttc'o’ (including shale, soil, sub-soik asli, etc.) alone may he ahlo to 
supply stowing materials f(jr thf* important niiis's (raising Ist eiass eoal), siluatrd in Shtnd.s 3, 7 
ujhI 8 of t lu^ dliaria eoaliieJd. It itjay bo worth while invest igatiiig tliese materials in tlu^ rest 
of tlie Jh.'u ia coalheld, and in oth('r eoalfiekts us well. Some of the collieries in Jharia and other 
lields iiave already been utilizing boiler ash as stowing material. 

It is time that wa< should also (toiisidor the jiossibility of adopt ing ditfennt rnr tliods of stowing, 
such as laieumatie or inechunieal stowing, in addition to hydraulic stowing. Perhaps, with 
pneumatic stowers, ordinary ‘muttiio’ along with substitutes mu^ be used. For the collieries 
which are fortimate in having tidetjuate sand supplies, hydraulic stowing may he best suited; 
but' in the case of collieries miles away from sand supplies and with plenty t)f other materials 
available, different methods of stowing may bo adojiU'd. Mr. J. Thomas puldislied an (ixcellent 
paper on this aspect of stowing in 1 939 {Trains. Min. Geol. Inst. Ind., Vol. 35, Pt. 1 , jq). 51-128). 

Mr. a. B. Dutx rof)lyjrig to Mr. P. 3v. Ghosh said that, the qiujstioii of sand -stowing is not 
so aciiU’i in any otlior urea as it is in tlio Jliaria coalfield, where, according to rcicont e.stiinatcs, 
t.liere are nearly 1,5(»() million tons ot good quality coking coaJ.s, which require to be stowed. 
Taking the maximum (pmntiiy of stew ing material readily avajii\l>le in this eoahicltl to be about 
200 million tons and assuming 27 million tens (o-, say, roughly 25 million tons of sand as tho 
(jutmtily' requirt'd pt\r y t*ai‘, it is ovidt'iit tiiaf the suj'plit's will be exbaustt d within a sliort time 
unlt'SH tjiere is a. very large aiinual repk'iiishinent ot rivt'i -sand during tlio nuaistjon floods. Tho 
repleni.sliiiaait, liowt'Vt'i', will not take place to tlie same t'xU'iit w ith tlui dams built acioss tbe 
rivers in tho Damodar river systems. 

Regarding the use of the ash frtnn the .Bokaro Tliernial JOant for stowing, it rnay^ bo said, 
tliat altliougb it could be used w it h advantagts kieally in tlio Bokaro eoalfit ld, it is doubtful wlietlier 
it < an be traiispoiied cheaply to tho Jliaria fit'Jd. That int>aiis the t'ost <jf slowing material and 
iioc(?ssarily that of stowing will ijicieast' further, thus upsetting tht' piiee-sti ueluK^ of coal. More- 
ov'^er, the quantity wdll baldly be over 1 million tons per year. 
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Zoological Survey of India, Calcutta. 

Summary 

Tho author rogrots that in assessing multiple water use, fishery interests have Ix^en neglected 
in tho past and fish experts have often not had tho opportunity of i*(5prosentation on planning 
boards and administrative agencies concomod with water use. In tho U.S.A., wlicrii ti^chniques 
of tho multiple watin* use are most advanced, it is illegal to ignore fisliery intorosts and in no 
case could they bo sacrificed, except when any proposed water development csxcf^ods in public 
value tho fisheries resources. A plea is made for enactment of a similar legislative measure in 
India. 

It is impressed that in undertaking any development measure, river should be treated as 
a pViysical unit and the planning should not bo limited to individual projects. Furtlu^r, it is 
pointed out that each river has its individuality and, tliereforc', no rules of thumb can apply 
to all projects. 

In dealing with preconstruction fivshery investigations, attention is invited to observational 
studies, such as fish and fishery surveys, biolog;y of fishes of economit^ importance and hydro- 
static and hydrodynamics of the rivor, and analytical studies, suc]j as hydrology of the river 
in relation to tlie bionomics of tlio spc^cios to be protected and developed and corndation of the 
engiiKU’iring project with tho requiremi'iits of fislo 

UrogrammcB for the culture of fishes in impoimdments and the protection of the runs of 
migratory fislies through dams are outlined. 

It is emphasized that the development of river basins should be jdanned for tho welfare 
of man but not for the exploitation only of a certain sot of their resources. 
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Introduction 

‘Multiple water use now exists, but the use is seldom as wise or as ofhcacdous as 
it should be. Fishery interests in particular have been neglected, and fish experts 
have often not had, or have not fully taken, the ojiportunity of representation 
on planning boards and administrative agencies concerned with water use." Carl 
L. Huhhs. 

The above remarks were made by Professor Carl L. Hubbs (1941) as Chairman 
of the Symposium on ‘ Tho Place of Fish lh*oduction in a Program of Multiple Water 
Use" organized by the Araori(;an Fisheries Society about a decade ago. If siudi is 
the state of affairs in an advanced country like U.8.A., tho neglect shown to fisheries 
interests in India is far worse. In a recent article, I ( 1 949) narrated Indian ex])orienco 
regarding jirotection of fish and wildlife in reference to hydro-power and other water 
uses and showed therein that a majority of fishways hitherto constructed in India, 
evidently without any knowledge of the nauticjal properties of Indian migratory 
fishes, have proved ineffective. Tho programme of setting up hatcheries for over- 
coming tho baneful effect of dams on tho migratory movements of the Indian Shad, 
Hilsa ilisha (Hamilton), has also failed. It is* high time, therefore, that the country 

VOL. XVX — No. 6 (Novembor- December), 1950. 

lO 



622 


SUNDER LAL HORA : FISHERIES CONSERVATION AND DEVELOPMENT 


should seriously consider anew a })rogrammo of fisheries conservation and develop- 
ment with reference to multi-purpose river projects, a number of which are already 
in an ad vamped stage of execution. 

It is now a fashion in India to imitate the U.S. A. programmes of multiple water 
use but I think very little attention is paid to the basic requirements of the Americans 
and their economy on which these jnogramines are undoubtedly based. During 
my visit to the U.S. A. last year, 1 availed myself of the opportunity to discuss fishery 
l)robloms with American experts, always kee2)ing in view India’s national economy, 
and at Beattie it was my good fortune to come in contact with Mr. H. B. Holmes 
of the Fish and Wildlife Service who, as Aquatic Biologist with U.S. Engineers, 
has been in charge of the Fish Protection at the Bomieville Dam. Two da3^s* dis- 
cussion with Mr, Holmes on the conservation and develojiment of fisheries in relation 
to multi-pur])oso river projects has enabled me to draw uj) a general jjrogramme, 
which c^an bo modified to suit hxtal conditions of any sjiecified project. 1 have also 
embodied in tliis note some of the views exjuessed at the Water Section Meeting 
of the United Nations Bcienf ilic Conference on the Conservation and Utilization of 
Kesources on H>'dro-Powor and other Water Uses relevant to Indian conditions. 

American Fishery Policy and its Lesson for India 

It is jierhajis jiertinont to quote hero two sections of the American Fishery Polic}^ 
pertaining to multi])lo water use, as these will give us the background of fish jiro- 
tection work in the U.B.A. Section II ( 1 ) reads: 

‘I'ho federal, dominion, state, provimnal, and regional planning boards 
should (M)nsider the fishery resourc es as a very important element of national 
woaJtli and not as a minor incudont in the developmonf. of power. Hood control, 
drainage, irrigaf-ion, reclamation, and recreational jirojects, as has been done 
in the ])ast. The jilanning boards should recDgnize wherever jiossible ilie jirin- 
cijjle of ])rior right for tlie fisheries. Onl.y when a jiroposod water development 
exceeds in jiublic value the fisheries resources, should the latter be sacrificed, 
in which case the fishery interests should bo comjiensated fully for their losses. 
Tlie tislieries should be given equality of rejiresentation on all jilanning agencies 
at all times and should be re2)resented b^^ qualified j)erson 8 from the state, 
])rovincial, and federal agencies involved.’ 

The other section i)ertinent to our discussion reads: 

‘ Since soil erosion, reforestation, drainage, flood control, water restoration, 
and impoundment of waters are now recognized as tremendously important 
factors in fish j)roduction, the closest (contact should be niiiintained between 
fishery officials and the agencies resi)onsible for those various activities. ’ 

In India, there are hardl}^ any eftbctivo fishery conservation and development 
laws which could enforce proi)er attention being paid to fishery resources in a pro- 
gramme of muiti2)le water use. Our first need would, therefore, appear to be the 
(mactmont of siiitable laws for fish jirotection. Now tliat we have a National 
Planning Commission as a permanent body in the Government of India, it is hoped 
that some suitable action may be taken to recognize 2)rior right for the fisheries in 
undertaking multi -pur jiose river j)roject 8 . India at present seems to be suffering 
from the disease of h3^dromania in its most virulent form which has made it blind 
to 2)racticall3" all other interests, excejjt so many kilowatt hours going to waste or 
so many millions of acres of land lying barren for want of irrigation facilities. We 
should bo able to see other values in a stream well in advance of engineering projects. 
In the past, one feels that in the 2>lanning and construction of irrigation and other 
reservoirs aquatic values have been ignored in almost every instance. Will this 
attitude jiersist even under the national government ? 


lOB 
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River as a Physical Unit fob Development 

In planning a multi -purpose river project, attention ib generally paid to a section 
of the river and not to the eflects of the jirojects on the riveu- as a whole. Such a 
procedure is against national interests. At the United Nations Scientific Conference, 
Mr. Loland Olds rightly observed that the entire river should bo dookod upon as 
the physical unit to be developed rather than limiting the j)lamiing to individual 
I)rojeets Though ho was dealing with hydro-power and conservat ion, his statement 
is particulaT'ly true in regard to the fishery resources. The fisheries are greatly 
influenc(id by fluctuations in water level, volume of water flowing down a stretim, 
obstructions in the course of waterways, etc. etc., and it is esseuitial, tlu;refore, that 
t he effect of any j)rotective work should be ax>j)raised for all seedtons of the rivei*. 
Let us take, for oxam])]e, the Ganges to illustrate this jioint. Tlie Indian Shad 
ascends the river from the foresliore and estuaries when the river is floodctl during 
the monsoon season. If the waters flowing into it are (;ontroUod in the u]:)])er and 
middle readies, naturally the intensity of flooding in the estuaries will be great ly 
diminished with the probable result that the Hilsa fishor 3 ^ of the entire river system 
will be adversely effected. Even the productive estuarine fisheries, dependent on 
low salinit;y, will be adversely effected. It is imperative, tliereforc, that- in (ainsidering 
fishery interests, tlie economics of the fishery^ of the entire river system should be 
taken into consideration, and that the needs witliin the entire river basin for the 
various water us<)s should bo a})praised in terms of t heir rolat ion to and effecit upon 
one another. 

It is also necessary to emplmsize here that each river and each })r()ject have 
their individualities, and must be thoroughly investigated from all as])octs before 
am^ measiu’cs for the conservation and development of fislioiios can bo adojjted. 
Iliougli tlie results of various projects can serve as guides Jbr conducting investiga- 
tions on now ])i oje('ts, there can bo no rules of thumb for solving fishery xiroblems of 
different river basins. 

Pre-Construction Fishery Investigations 

As soon as it is decided to utilize a water resource, the following fishery investi- 
gations should be started even before any^ engineering estimates are undertaken. 
'^rh(5 object of these investigations will be to appraise the presiuit value of t he rivei’ 
basin in the national economy. It is hardly' lair to tell the fishery biologist: ‘Hoie 
is a dam ; now y ou do the best you can with it, ’ for fish protection is not siufli a simple 
matter. 

Ohservatioiial Irwestigaiions. — At the very outset it is necessary to know the fish 
fauna of the river basin and the value of the fishery^ based on the species of oconomic 
importance. The i)rogramme would, therefore, include : 

1 . Fish and Fishery Surveys 

(a) Collection and determination of the fish fauna. 

(b) Economic Fishery Survey^s to indicate the j)roduction of various s])ocie 0 . 

men employed in the industry, the ty^pos oi'nets and boats used, etc, 
etc. 

2. Biology of fishes of Economic Importance 

(a) Life-history and Bionomics. 

(b) Migratory movements and their causes. 

3. Hydrostatics and Hydrodynamics 

(a) Movement intensities or the Phy^sics of Movements. 

(b) Flow pattern of the water basin conc‘orned. 
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Analytical Data . — Wlien the above observational data have been collected, 
they will then have to bo equated against similar observational data c^ollectod by 
the Enginooring Sec-.tion. The ])rogrammo in this phase will include such items as : 

1 . Hydrology of the water basin and its correlation with the bionomics of 

the species t o bo ])rote(ded and developed. 

2. A study of the Engineering Project and to determine its effect on the 

requirements of fish. 

3. Analysis of the fishery and the engineering requirements for co-ordinating 

the two ])rogrammes. 

When the observational an^l analytical jihases have been carefully gone tlirough, 
t hen the Enginooring Projet^t should be l‘ormulat(?d in the light of fishery investiga- 
tions. The ])rol)loms that may have to bo tackled may be of difierent tyjies in 
different basins. For instan(‘(\ the jiroblern may lie of Fish Culture, as is the case 
of the Pijiri Dam Hes(irvoir (Hora, 1948) on the Kihand River of the Mirzajmr 
District (U.P.) or the Reservoirs to be c onstructed in connection with the Damodar 
Valley Projec^t. I'he problem may bo of the Movements of Migratory Eishes, or 
combination of both Fisli Culture and Provision of Facilities for Migratory Fishes. 

Fish ChiLTURE Programme 

For fish culture, you have to consider the availability^ of fish seed or seedlings 
for stocking. If‘ we ha.vo already sjiecies that bic^ed in im]>ounded waters, then the 
main cpiestion will be to jirovide thcun with suita.]>le breeding grounds inf lict reservoir 
itself by the ])ro]>er adjust iiient of water loved during their breeding season. If 
tlie commcnciaJly imiiortant sjiocies, such as the Indian Car]), do not breed in im- 
])ounded wat ors and seedlings have to be stocked every >'ear, the ciuostion of setting 
up aiditicia/l breeding grounds, ha.tcheries and nurseries will have to be considered. 
It is quite possible that local sj)ecies may not bo found suitable for commercial 
exploitation and exotic or semi-exotic s])e(dcs may have to be introduced. This 
seems likely in the case of tlie Kosi Dam Project. This will involve a great deal of 
exporimcuitation and rosearcdi l)efoi‘e suitable measures cum be adopted on an exten- 
sive scale. 1 do not wish to go into the details of fish cultural practices here but 
attention must be invited to the difficulties that will have to bo encountered in 
harvesting the cro]) in very decf) waters ovei* an uneven bottom. 

Protection for Migratory Fishes 

The ])roblom of affording j)rotoction to migratory fishes is very difficadt indeed 
and here the question of relative ec*onomics comes to the fore front. The measures 
that have been adojited for fish ])rotection comiwise: 

] . Construction of fishways in dams. 

2. Construction of fish locks for the trans fei* of fish from the lower level of 

the stream below the dam to the water level of tiie reservoir above the 

dam. 

3. Transference of the fish to other streams having suitable runs and breeding 

grounds. 

4. Tm}>rovement of spawning grounds below the dams in the main channel 

or the side streams. 

5. Artificial S])a\vTiing and rearing below the obstruction for maintaining 

runs. 

As jiointed out in the beginning, Xos. 1 and 5 have already been tried in India 
to a certain extent and have, in t he past, proved inefleetive. This is a field in which 
an integrated and t horoughly co-ordinated research programme bet ween the engineers 
and fishery biologists can lead to very })rofitable results. If the hydraulic engineers 



SUNDER LAL UORA : FISHERIES CONSERVATION AND DEVELOPMENT' 


525 


and pisciculturists were to co-025erate from the very outsot of the project, it could bo 
possible to eliminate the harmful effects on fisheries of building dams. In fact, 
j)ossibilities are that development measures may even iini^rove the original condition 
of the fisheries. 

Conclusion 

It is jiorhaj^s necessixry to emphasize in conclusion that tlie develoj)mont of river 
basins must bo planned for the welfare ol* man and not only for the exploitat ion of a 
certain set of their resources. Any kiiul of exploitation of their resourc^es must 
take into consideration measures to ^n'otect fish and to ensure development of fisheries. 
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Discussion 

Db. T. J. Job. — A s I have had to bo associated for some time past with the fish and fishery 
survej^ of the Damodar Valley Project, I may venture to offer a few words on tlio paper on ‘ Fishery 
Conservation and Development* by Dr. Hora, witli some reflections on Mr. Sain*s paper on the 
‘Principles of Planning*. 

A project to be really multi-purj^ose in nature, should aim at tapping all the utilizable poten- 
tials involved in it. While duo emphasis has to be laid on the common accepted uses of water 
such as drinking, washing and navigation and on tho important functions of dams such os flood 
control, irrigation and power generation, the exploitation of tho aquatic food resources in the 
river systems deserves much more attention than has hitherto been bf^stowod on it, espociplly in 
the present food crisis. Rivers are the highways of inland fisheries, and several economic species 
of fish have their sojourn in tlie extensive feeding and breeding grounds in the river sj stems. 
The significance of tho fisliery resources in relat ion to dams has boon very well expounded by 
Dr. Hora. Thanks to the repeated stress on this aspect laid in our coimtry by Ichthyologists 
and fishery workers from the time of Sir Francis Day, some attention has now begun to be paid 
on tiio subject. It is gratifying to observe that tlio Damodar Valley Project has included in its 
programme some work on tho conservation and development of the fisheries of tho valley waters. 
Unfortunately, various snags and limitations of staff and equiy)rnent consideiably delimit tViis 
now lino of work in which not only biologists but also export fisliery engineers have to make 
ct>ncertod efforts. 

For a rational exploitation of the fisheries of a river and its basin, one should not only know 
tlio details of its existing fish population, but also the possible effects of the project the fishery, 
wilih due reference to the feeding, breeding and migT-atoiy habits, both long and short range of 
the fisVies. Their vital correlation with the hydrology and hydronamics of the river system has 
to be understood. The reaction of the lish population to the topographical and hydrologic-al 
changes which may be brought about by the project should bo elucidated before the nature of 
a fish ladder, fish lift or other device, as also measures of conservancy and protective legislation 
could be decided. In order to utilize the fish cultural potentialities of the reservoirs to be formed 
and the tanks and ponds which may appear in the valley, tho nearest fish seed sources should be 
ascertained and the most profitable combinations of compatible species should be stocked in tlie 
different typos of waters, the productivity of which should be enhanced by proper aquatic manur- 
ing. These problems are to be tackled jointly by the fishery engineer and the fishoiy biologist. 

Last evening, M**. Kanwar Sain rightly stressrd the need for ‘Planning Ahead*. Indeed 
tho fishery position of a river should be doteimined as Dr. Hora has pointed out long before the 
construction stage so that necessary provision for the fisheries could be duly incory^oratod in the 
project. 

One point which has always struck me in the course of my experience with Public Works 
men is that irrigational, hydro-electric and fishery interests, if properly assessed and understood 
can bo co-ordinated rationally with benefit to all the tluee and prejudice to none. 

As in all aspects of a river project, in tho fishery aspect also, each river system has to be 
studied individually and intensively. What may be true of one river may not apply to another, 
even though the basic fundamentals may be constant. 

By treating each river system as a natural unit and working out the project thereof along 
a well integrated plan, India will bo able to derive the maximum benefit out of the organic and 
inorganic resources of her numerous great rivers. 
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Dr. K. L. Rao. — ^Most af tho dams wo are building in India today are of heights greater 
than 100 Ft. Tn such cases, it is d ifHcult to provide fish ladders or passes or lifts. Even in tJnited 
States of America and United Kingdom, no such provision is made in the high dams. Also in 
the ctise of Indian reservoirs, the fluctuation of maximum and minimum water levels is great 
so tliat no easy lift gate arrangomonts can bo made for periodical opening ns has been developed 
in rocont dams in Scotland foi passage of migratory fish. It is therefore necessary that Fisheries 
Departments should investigate thoroughly tho cliaracteri sties of fish, etc. in a river across which 
a higli dam is proposed and consider the yiossibilities of developing fish culture in the reservoir. 
No fish passes or ladders should bo insisted upon unless it is proved that a big migratory fish 
movement will bo destroyed. 

Dr. S. Jj. Hora. — Replying to the remarks made by Dr. K. L. Rao and Mr. Kunwar Sain 
about the incapacity of fishery officers in India in rendering suitable advice in regard to tl e 
types of fisli passes required in dams. Dr. Horn stated tliat. this deficiency of knowlodgo was 
equally shared by fisheries biologists and the engineers. Whereas Fisheries in India received 
the patronage of the Central Government as late as 1944, the Engineers had this patronage for 
moro than a coutury. Tt was more regrettable, therefore, that in their R<>searcli Institutes, 
the Engineers paid no attention to the requirements of the fish in connection with the construction 
of dams. What wo need in India are Fisheries Engineers for a correct appraisal of the requi roment 
of fisheries and of onginooriiig designs. iSucIi persons can moro easily be trained in tlio Irrigation 
and River Physics Institutes in tho country and not in Fisheries Research Institutes. Dr. Hora, 
thertbfore, advocated the need of co-ordinat.ed and integrated research by fishery biologists and 
engineers. 

When Administrative Officers can be put in charge of fisheries in the States, it is really too 
much to expect any suitable technical advice from them. Dr. K. L. Rao should have referred his 
problems to yiorsons like Dr. B. Sundara Raj, who had already investigated the fisheries problems 
of tho Mettur Dam. 

Mr. H. B. IIor^MES (in correspondence): An attitude prevails both in the U.S.A. and India 
of overemyihasizing tho nec'd or desire to have fundamental data relating to tlio swimming ability 
and o«.hor reactions of tho fishes with which we aro concerned in the design of fishways. T agree 
that it is well to hiivo such information and that wo should bo working toward obtaining it. On 
the «)ther hand, tho absence of such information should not interfere with or take the place of 
apfiJication of fish protend ion upon tlio basis of present knowledge. It is not necessary that a 
fishway bo const ructod to provide conditions that aro just within tho limits of the ability of tl e 
fisli. Tt usually is permissible to design a fishway with standards of volo(*ity and other conditions 
tliat liuive no question of tho ability’- of tho fish to pass uy) it. 

Dr. S. L. Hora. — When wo proposed to tho engineers in 1941 that fisheries should ho ade- 
quately protected, they turned on us and required data about the swimming ability and other 
requirements of fishes to be sufipliod to them before they could design fish passes. Accordingl\% 
Indian Gouncol of Agricultural Rc.search sanctioned in 1946 a scliome for investigation into the 
bionomics of Indian Migratory^ Fishes with a view to standardize designs for fish yiasses for a 
yieriod of two years. Owing to political changes, much work could not bo done under the schemti 
and so the yiosition rcunaiiis more or less what it has been. In tlio discussion today engineers 
have again lilamed fisheries biologists for lack of data about the requirements of fishes and my 
only excuse has boon that fishery sia’onco in India is yet in its infancy and that onginoors should 
have studied this matter in their River Research Institutes. 

Against ( ho background of Mr. H. B. Holmes’ remark that ‘It usually is permissible to design 
a fishway witli standards of velocity and other conditions that leave no question of the ability 
of th(^ fish to y^ass uy> it,’ it should now bo possible to rebut the usual charges levelled against 
fishery biologists by the onginoors. 

Shri D. V. JoGiiEKAR. (in correspondence) : I agree with most of tho views given by Dr. Hora 
but certain ymints need further clarification. 

With reference to Fish Culture in reservoirs. Dr. Hora has stated: If we have already species 
that breed in impounded wafers^ then the main question will he to provide them with 87jitahle breeding 
grounds in the reservoir itself by the proper adjustment of water level during their breeding season. 

I would like to know the requirements of water levels for proper fish culture. It will then 
be possible to see whether these are conveniently in conformity of water levels for irrigation and 
power purposes. 

Dr. Hora has also stated: / do not wish to go into the details of fish culture practices here hut 
attention must be invited to the diffictiUies that will have to be encountered in harvesting the crop in 
very deep ivaters over an uneven bottom,. 

Tn almost all corses tho bottom will be uneven and the waters will be deep and this raises an 
important issue, viz. tho provision of fishways in dams and the construction of fish -locks for tho 
transfer of fish from the lower level below the dam to the water level of the reservoir above the 
dam. Fish passes will not be possible in cases of very high dams. Fish-locks can bo designed 
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for dams 100' to 200' high and for very low dams fishways are feasible. Is there any data to 
give the relation between the height of the dam and the various types of fishways ? 

Dr. Hora. — Adjustment of water levels in the reservoirs will in each case be different accord- 
ing to the breeding habits of the species concerned, as the same syjecies of fish are not found all 
over India. It is absolutely true that adjustment of water levels will liav(^ to he correlated with 
the needs of water for irrigation and power p\irj) 08 es. 

The second point deals with only tlie catching of fish (cropping) in deep waters over an uneven 
bottom. The bottom nets cannot bo used and our ordinary methods may prove futile in these 
reservoirs. Thus there is need to undertake (uipluro research. Tlio question of fishways is 
not raised in this case. Personally, I am now of the opinion that for most of our dams, fishways 
arc not necessary. 

Shri V. GaneshIyrb (in correspondence) : I am in agreement with Sri Hera’s recommf'nd- 
ation. The idea of preservation of fish and wildlife is coming uji prominent h" for consideration 
only in recent times. I am sure future desigi\ers of reservoir const ruction will give full consi- 
deration to this subject and you may lioar more of it hereafter. 

It- is being increasingly recognized that planning and consti'uction of engineering projects 
to serve more than one purpose will enable bettor conservation and utilization of national 
resources. Conatniotion of largo dams and reservoirs so as to make tlu' streams navigable whore 
they are not, to generato electricity to run factories and to irrigate vast areas of land are, no 
doubt, impressive features of multi-purpose projects. There aro, liowevcr, otlu'r features whicli 
are equally important, if not so improssivo. Conservation of fish and wild life is one such feature. 

In his note Dr. Simder Lai Hora lays empliasis on the fisliery interests. Ltinal importam o 
should be paid to the conservation of all species of wild life. The requirements of any yiarticular 
species of wild life are comparatively simple consisting of handful of essential foods, an assured 
water supply and safe refuge and cover of vegetation of a n^asonablc quantity, say about 5% of 
the storage for wild life in any scheme of wat(U‘ conservation may safely l>e considered an entirely 
legitimate use. 

Conversion from river to reservoir conditions following impounding of water will greatly 
cliange environmental conditions for fish and certain species of wild life. It rrcat(‘s both new 
problcmis for bho perpotuation of these resourc^os and new opportunities for their development. 
As for any engineering featut’:>, extensive iiiv^ostigatiens should therefore be eonducii-d to colleet- 
factual information essential to the solution of problems and to the develojnnent of oj>portunitieR 
for the full utilization of these resources. 

A toam of experienced biologists should be employed to make proimyioundmont observations 
to determine the changes from the river to reservoir habitat. Investigations should ir*cludo 
technical studies of water conditions, surveys of the extent, size, distribution and comyiosition 
of fish populations, studios of their life histories, food supply, rate of growth, spawning and adap- 
tation to the new environment. 

The data so collected sliould then be correlated with other invest igations of water storage 
and reservoir operation, with studies of water conditions before and aft-or impomidmimt and 
operational prc>blems of -water level fluctuation. 

As pointed out by Dr, Sunder Lai Hora, research work jointly by engineers and biologists 
i .5 absolutely recessary in the design of proper fishways in dams and fish locks. The faciilties of 
our research stations can be made use of for this puryiose. 

In his paper, Dr. Hora sounds a timely note of caution to all those wLo are entrusted w'ith 
the planning of multi-purpose schemes. There is a close relation shiyj betw een the living and the 
non-living elements of our natural resources. They should be considered together in the cod- 
servation and the utilization of these resources. The use of one resource or class of resources 
without duo consideration for the welfare of tVie others is likely to result in a loss from a national 
stand-point. 

Mb. R. Kahawita (in correspondence) : I have read the Symyiosium with interest and 
commend as a suitable and timely subject to be taken up in connection with Multi-purpose 
Reservoir Projects not only in India but in any part of the world. I am more so convinced 
of the need of such co-ordinated action between the water conservation engineers and the 
biologists, after what I saw somewhere in 1945 at Mottur Dam in Madras Presidency. 
That year, duo to shortage of water, millions of fish were just allowed to die below t he dam and 
in the tail race without any consideration of conserving the fish population in the stream betw een 
Mettur Dam and out-fall. If some of the suggestions made by Dr. Hora had boon in operation 
at that time, it would have been a simple matter of co-ordinated action between the two 
sections of operatives in a stream to conserve that fii3l» life; but as one was allowed to act 
independently of the other, the result had been a whole-sale destruction of valuable national 
wealth which was a direct result of the type of un -co-ordinated work discussed by Dr. Hora. 

I would have liked to have road a greater amplification of the measures suggested by him 
on conserving fish life in our water resources; but I suppose, as he has already mentioned, that 
such amplification i s to be left to a larger organiajatiop which no doubt would he created for w orking 
out the details. 




POWER DEVELOPMENT 


By K. P. Menon, D.Sc., Utilization Member, Central Electricity Commission, 

New Delhi. 

(Communicated by Dr. W. D. West, F.N.J.) 

SUMMAKY 

Although the Tennessee Valley Aiithority Project is tlie first ouo on wliich tlie unified develop- 
inont of the resources of a river valley has taken place on a plannt'd basis, there has been oxainplt's 
of multi-purpose development in India also. 

Tn a multi-purpose river valley dovt'lopment, power is almost invariably an importani item. 
It often happens tViat the power outpiit is subject to wide c’hanges during Ihe various seasons 
and for the best utilization of the pow(U' resources, it will often be luu essary to supiDk'UK'nt the 
hydro-electric power stations with thermal povv<,a“ plants. 

In the allocation of costs in a multi-purpose development sclieme against the vai'ious pury)OBes, 
there is often a tendency to increaso unduly tluj cost, towards power dev<dopment . In the interests 
of dov(ilopment of both power and industries, it is im]x)rtant to dist ribute t he cost s in a. reasonable 
proport ion against all benefits accruing from a multi-purpose scheme. 

Among the major multi-purpose devolopuK^nt sch<un(\s under exoeut ion in India ar€>, the 
Damodar Valley Project, the ITirakud Dam Ih-ojoct, the Bhakra-Nangol rrojecl> the Tunga- 
})hadi*a Project, the Tapt-i Project, the ICoyna Proj(?ct and tlio C.lmmbal PiY)j( cl , A brief account 
of the relevant aspects of those scliemes is included. 


1 , It^troduction 

Tlio TVA experiment bavsed on the princi])]o of nnified dovt^lopmont of the 
naliira] rosonreos of a region has stimiiJatod (‘onsiderablo onlhusiaBm for multi -})nrpo8e 
projo(*t8 all f)ver the world. Although the idea of unified development of a river 
valley took dohiiito shape only roeont ly, following the TVA ])rojoet, ])riiicd]>lcs of 
multi -pur])oso development wore more or hiss undorsiood in India and were ae-tually 
])nt into practice. The Cauvory river in South India, lor instance, lias in its 400-raile 
course from (k)org to the sea, two major da, ms, two hu’go power stations, several 
anient s and bod regulators and a network of irrigation canals. The Krishnaraja- 
sagara reservoir on the Cauvory in My sore liel])s in regulating water snp])lies to 
the 8ivasamudram Power Station below and also feeds irrigation canals. Besides 
the Brindavan Gardens at the foot of th<^ da-in attratds a good tourist traffic. Tlu^ 
Mettur 'Dam reservoir on the same river, in Madras, acts as a flood moderator and 
has storage for the generation of power and for the irrigation oltlio additional acreage 
in Tanjoro District not previously commanded by the river. The huge rc^sorvoirs 
at Krishna-rajasagara and Mettur are also used for hsh (*ulture. Also, tliere are 
power plants and irrigation works on ihe tributaric^s of the Cauvery. 

Again on the Western Ganga irrigation canal, taking off' from Hard war and 
flowing down to Aligarh, power plants hav^e been insta-lled at a numlnu* of low head 
canal 1‘alls. There are seven plants with a total installed ('a])acity of 18,900 kw. in 
operation and the eighth station with a capacity of 10,500 kw will bo commissioned 
soon. 

It is not claimed that the above schemes wore conceived and developed as 
multi-purpose projects, in the same way as the TVA. Originally, irrigation was 
perhaps the only objective of those schomos ; later on, in the course of further develop- 
ment, suitable steps were taken to achieve the benefits of power, flood control, etc. 
It is, of course, a matter of speculation, in what way those schemes would have been 
developed, had the principle of unified development been adopted from the very 
start. 
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2. Power Generation in Multi-purpose Schemes 

In moBt multi -purpose river valley projects, ]>ower can be generated, but some- 
times the requirements for power generation are somewhat in conflict with those 
for other purposes HU(di as irrigatirm, flood control, etc. From the ])oint of view 
of power, it is important to ensure that a uniform power out])ut (as liigh as possible) 
is maintained throughout the .year. On the other hand, the requirements of irrigation 
donuind that the highest discharge be maintained during the cultivation season 
and that as far as possi l)Ie water is conserved during the non- irrigation season. Again 
the requirements from the point of view of flood control are that, just jn'ior to heavy 
monsoon rains, the reservoir be dei)letod to such a level as to enable substantial 
storage of flood waters with t he advent of the monsoons. These conflicting c.onsider- 
at ions olfen result in a com])roTnise under which the outj)ut of i^ower would (apart 
from bifing less than what it would be, if the site is considered purely for power 
generation), also vary from season to season. To make up for seasonal variations 
in the power outj)ut of hydro systems, thermal power stations of adequate capacity 
are built a.nd operated in ])ara.llol with the lyydro-stations. 

While talking alxnit thermal power stations, it is necessary to disabuse an erronev 
ous idc^i prevalent oven among informed quarters. There is a general belief that 
])ower from hydro-electric sotirc-es will be invariably ‘(‘heap’ and that thermal power 
(X)uld not com])ote favourably with hydro-power. Tliis is not always correct. The 
fa.ct that a. thcumial power station requires fuel for running it, whtwems there is no 
such ex])cmse in a h^ulro-station, docs not nocossfirily lead to higher costs under 
therma.l gcuuiration. Generally the (ia])ital costs of a hydro-station of a given capacity 
is (M)usidcmibly largcn* than a thermal station of a similar capacity with the results 
Willi the ovc^r-all working (x)sts of a hydro-statioTi is, often, comparable with that 
of thermal power and sometimes oven higher. In other words, there can bo no 
general rule rc^garding the conif^arativo costs of tliormal and liydro-power and each 
c^ase liiis to be examined with reforonco to the installed (;ajm(‘ity, operating conditions 
and lou.d factor, etc. 

Again (;oa,l is as much a national asset as water power; there is no reason why 
its (iconomic; exfdoit/ation should bo di8(*ouragc»d. India is said to possess very largcj 
reserves of low grade fuel and those could be oc;onomically burnt in power 
stations sited, j)rcderably, near tlio coalfields. It, has to bo concodod, therefore, 
that ovcui in a inulti-pur])ose river valley projoc*!., the thcTma-l ])ower station has a 
])la(;<\ Although t he future j>lans for powcw dovcdojmicuit in India will have larger 
emphasis on hydro -electric schemes, the thermal ])ower stations will also continue, 
probably as a com])lemontary adjunct to hydro-power. 

3. Allocation of Costs in a Multi-purpose Project 

A miilti-i)urpoRO projoed; is planned and executed as an integrated whole; but 
it is necessary to know what proportion of th<t total cost is cluirgoablo to the various 
purposes under the scheme. There is a general acceptance of the healthy ])rinciplo 
that the cha.rgos on the scheme for the different purposes should be in ])ro}>ortion 
to the benefits derived under the respoc^tlve aspects of the sdiemo. However, 
difflc.ulty arises in translating this princii)lo into actual practice. While the returns 
or revenues from the sale of power are readily assessed, the monetary evaluation 
of other bonolits such as irrigation, navigation, flood control, soil conservation and 
fish culture, etc., is not so easy. As a result, there is often a tendency to increase 
unduly the allocation of costs under power, in order to show financial justification 
for the over-all project. This tendency should bo resisted; not only will power 
development be hampered by such irrational methods of allocation of costs, but it 
will also injuriously affect the industrial development in the country. Full con- 
siderations should be given to the indirect benefits accruing to the community from 
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flood control, soil conservation, malaria control, etc., and an attempt made to make 
a reasonable allocation of (; 08 ts against those benefits. 

4. Public Utility Power Plant Installations in India 

The statement below indicates the ag^cregato installed ca])a(‘it\^ of all })nblic 
utility undertakings in India as at the end of 1949, (‘lassificd into sf (s'im,single-pur])ose 
hydro and multi-purpose hydro-staf ions together witli ]>rojo(lefl a.flditions up to 
1954 and 1959. It will bo found that the thermal ca,]>acii.y is jmxlominant now and 
will continue to be so in tlie n(^xt five-year 2 )eriod also. Later on, as the several 
h^ dro projects get under way, tliere will bo a gradual reduction in the tlunanal installa- 
tions. 

Installed cajyacAty in hw. of public vtilily sin f ions 



Hteiim 

Stations. 

H^dro.I\)wc‘r Stat Ions. 

Particulars. 

Sinyle- 

iMoIli- 



|)lll“]M>SO. 

pnrpoKo. 

Capacity (end of 1949) 

851^,t;.‘J9 

4-1 0,970 

1 18,100 

Project od additions hot ween 1 949 and 1 9r>t 

741,750 

3 7 1.900 

3S2,3<t') 

Proj 0 ct(>d additions botwoen 1954 and 1959 

210,000 

29},400 

522,400 

Total capacity (end of 1959) 

1, so 1.389 

1,107,279 j 

1,022,800 


Figures in column 4 (al>ovo) indicate that even ainojig tJxe existing hydro-stations 
tliero are several, which may bo called mult i-])ur]KKSo S( hennas. Among tlie ]>rojocted 
hydro schemes, the pro])ortion of multi-])nrposo ])rojo(‘fs will be seen to bo oven 
gre^ator than at present. 

The ]>rojected additions, shown in the above statement; a, re worked out on the 
ba,sis of‘ information available at present. However, the actual ])rogress on tlie ])ro- 
jects depends to a large extent on the avaiial>ility of fina,nc(;s, t he necessary fonu’gn 
exchange and other facilities. 

5. Hamodar Vatxey Project 

Amongst the several multi -])ur])ose ]>rojects under execution in India, tlie 
scheme for t he development of the Damodar riA or valle>^ is very well known. The 
ultimate picture of power develo])ment under this project will comprise 9 hydro- 
stations (210 mw.) and one steam 2 )ower station at Bokaro (150 mw. ]>erliap.s 200 mw. 
later on). These stations will bo intor-t^onnected with one another and servo tlie 
South Bihar Coalfields area, as well as Jamshedpur, Kluiragpur and perha])S even 
Cahjitta. If the j)ro]>osed scheme for the electrification of the U.I.KIy. between 
Howrah and Moghalsarai fructifies, power will be supplied to the Bail^va^s from tlie 
Damodar Valley System. 

The design of the i)owor sy stem of tlie Damodar Valley is an oxamjile of ])ro})erly 
co-ordinated utiliaztion of the natural resources. While the li^ dro capacity will be 
utilized to the full, as and when water power is available, the large deposits of low' 
grade coal available, in South Bihar, will bo utilized in a modern efficient- high pressure 
thermal power station to supplement the power output in tlio region. 

It is estimated that on the basis of multi-purpose operation of the reservoirs, 
the firm output of hydro -i)ower will be only 65,00() kw. continuous. Besides, seasonal 
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output to tho extent of 65,000 kw. will be available. The utilization of this seasonal 
power is rendered possible by the combined hydro-thermal operation, proj^osed 
under tho project. During the monsoon months, tho hydro-stations will take tho 
base load and tho steam station the peak loads. In the dry season, when tho 
discharges in tho rivers will be low, tho steam station will take the base load. 

The construction work on all the power })lants under the project will not bo 
taken up simultaneously, but tho ])rogrammo of works will be co-ordinated with 
the demand for power in tho Damodar Valley as well as tho availability, if any, of 
surplus j)ower in neighbouring ])ower systems such as the Hirakud project. 

In the first stage of the power plant jwogrammo, now under execution, ilie 
Tilaiya hydro -station and tho Bokaro thermal station will be completed by 1053. 
Konar I, Maiihon and Panchet Hill ])owor stations will probably i'ollow the first 
installations. It is not possible at this stage to anticipate tho programme of work 
in regard to the other stations. 

Among tho loads which are ex])octed to be connected up to the Damodar Valley 


Power System in the initial stages are : — 

1 . (coalfields . . . . . . 50 mw. 

2. Aluminium Fadories — ^(oxisting and expan- 

sions) . . . . . . . . 30 mw. 

3. Jamsliodpiir Iron & Steel Works and neigh- 

bouring area . . . . . . 30 inw\ 

4. Lo(H)mr)tive Factory at Mihijam . . 5 mw. 

5. 'felo])hono Cables I^iclory at Mihijam . . 1 mw. 

(i. Exjiort of Power to Calcutta and Kharagpur 25 mw. 


141 mw. 


6. M'uLTi-ruRPosB Development on the Mahanadi River 

The ullimate dovolopmont on the Mahanadi river will comprise three major 
dams locat(Ml at Hirakud, Tikar]>ara. a.nd Naraj. In the first stage the construction 
works on tho Hirakud Dam only is being undertaken. The power plant installat ions 
iimh'r the Hirakud Scheme will comj wise two stations, one at the foot- of the dam and 
tho ot h(!r at t he terminus of a ])owor cliannel about 1 7 miles long. In final stage, t he 
ponpr sf aiion at the dam will lui-vc 6 - 37-5 mw. generating sets operating at heads 
varying hotwoon 70 feet and 112 feet and that at the end of the ])owor cliannel, 
4-24 mw. generating sets ojierafing at a head of 90 foot. Initiidly, however, the 
])owor plant installations will be limited to 2-37*5 mw, sots at the dam station and 
2-24 raw. sets at the canal power station. 

The ultimate aggregate power output from tho Hirakud ])roject is estimated 
to 1)0 21 8 mw. at an average load factor of 70 per cent. It is proposed that the canal 
])OWer st;ation will operate as a base load station at 100 per cent, load factor, wherewis 
the dam power station will t ake the ])caks, the load factor of its o])oration being 
about 56 per cent. Besides, the reservoir at Hirakud will he capable of supplying 
an additional secondary })owor to the ext ent of a])Out 40 mw. which can ho converted 
to firm power by suitahlo inter-connections with other systems, if and when 
no(*ossary. 

An extensive transmission network will enable suj>ply of power from Hirakud 
over a largo part of Orissa; possibly, also in the adjac*-ent states of Madhya Pradesh 
and Bihar, It is also likely that the Hirakud System will bo inter-connected with 
tho Damodar Valley grid in the north as well as the Machkund power station in the 
south. 

The area served by the Hirakud power station has a large potentiality for indus- 
trial development Among the loads visualized to be connected to Hirakud are an 



K. P. p. menon: poweb development 


533 


iron and steel mill (30,000 kw.), Aluminium prodiiction (05,000 kw.), largos calo 
lift irrigation (24,000 kw.) and power supjdy to a largo number of towns and villages 
in Orissa. Sui)ply from Hirakud is expected to bo available in 1953-54. 

7. Bhakea and Nanoal Projects 

A third multi-purpose development schomo now under oxcH-iition in India is 
the Bhakra-Nangal Project. As far as power dovolopment is concerned, this project 
can bo divided into two distinct stages, viz. (i) the Nangal Power Scliomo and the 
(ii) Bliakra Dam vScheme. Work is proceeding activ<dy at present on the Niiugai 
Scheme, which comprise the construction of 2 hydro-electric powcn* stations on the 
Nangal canal, each with a capacity of 48,000 kw. and a net work of ti‘ansmission 
lines for supply of ])()wor to Delhi, Panipat, Ambala and a large num))er of towns 
and villages in the Punjab, Himaclial Ih'adosh and PKPSU. The Nangal trans- 
mission grid will also be inter-comxected with the transmission system of the existing 
Jogindornagar ])ower station at Ludhiana. 

Agreement has been reached between the Punjab Government and the Delhi 
Central Electric Power Authority for the 8uppl\^ of 20 mw. of poAver from th(^ Nciigfd 
Power Station to Delhi. The Punjab Government are id so Tinderstood to bo ('on- 
sidering })lans for the establishment of industries, bot h hirge /ind small, so tluit the 
power sui)ply from tho Nangal Sdieme may bo utilized lidly. 

Ac(M.)rding to plans, tho two Nangiil Stations will oiich have ult iiuiitely an iiddi- 
tional 24,000 kw. generating sot and probably tho Bludvrii scheme will hiivo six 80,000 
kw. generating sets. Howc^vor, it is too early to say, when tho iustalliition of those 
j)ower plants will 1)0 undertaken. Tho programme of power plant instiiUiitions 
should be closely related to the load demand. There Coro, additional generating 
plants at Nangid and tlio power plants at Bhakrii may luobiibly not bo taken up until 
tho initial j^owor ca2:)acity of Nangal is utilized to a reasonable extent. 

8. TcJNaABHADRA SCHEMK 

Another multi-purpose development scheme is on the Tunga>)h{idra river. Tho 
Tungabhadra project, being exocuied joijxtly by tlie Madras and Hyderabad States, 
has for its main oljjoetives irrigation and generation of power. So far as Madras 
side is concerned, ])lans have been prepared for tho construction of a ])ower station 
at the dam site (22-5 mw.) and a second power station at Bukkasagaram at the end 
of a power channel (15*0 mw.). These two power stations Avill food a network of 
66kv. lines in the Coded Districts. Pending tho commissioning of these stations, 
the Madras Government have arranged to build up the transmission and distribution 
network in tho Coded Districts and are building up load with tho help of power 
purchased from tho Jog power system of M^^sore. Thus, when tho Tungabhadra 
power st^ations are completed, and commissioned, they will have a fair amount of 
ready-built load and this would he]j> the financial working of the scheme considerably, 

9. Tapti Scheme 

In tho Bombay State, tho Central Waterpower, Irrigation and Navigation Com- 
mission are undertaking the construction of the Kakarpara project on tho Tapti 
river. Although originally tho scheme was designed mainly from the point of 
view of irrigation, it was found tliat by a suitable modifi elation of tlio dam and other 
works, a largo meiisure of flood control, perennial irrigation, generation of sub- 
stantial blocks of power, and even perennial navigation facilities (^ould be provided. 
Proj)osals have therefore been finalized for increasing tho height of tho dam suitably, 
which will enable the installation of a power j)lant at tho dam site. Also, a second 
power plant will be installed at tho end of a power channel at Kamlapur. The 
ultimate aggregate installed capacity of power plant in this project will be 216,000 kw. 
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made up probabJy of 9 -24 mw. units. It has been proposed that in the initial stages, 
the ])owor plant installations should bo limited to 5-24 mw. sets which will give a 
firm output oi about 90 mw. The power station will be inter- coimocitod with 
Ahmodabad (Jity Power Station in tho north and the Bombay power system in the 
south and will also feed tho local area around Surat. 

The (diief advajitages of this i)rojoct are as follows: — 

(1) The amount of civil works required in connection with tho power develop- 

ment under this i)rojoct is comj)aratively small. 

(2) The irrigation portion of the project is selhsupporting with the result 

that the incidence on the cost of j)ower generation will not be too heavy. 

(3) As the location of the Kakarpara project is midway between the main 

load centres of the Bombay State, viz. Ahmodabad and Greater Bombay 
areas, this ])rojoct is in a position t o serve both these areas oconomically. 

(4) LTndcu* ])resont acute conditions ol power supply in tho Bombay State, 

the Kakar[)ara power project can bo completed comparatively quickly, 
thus affording the much needed relief to tho Bombay power system. 

Althougli tho imiin woi*ks on tlio project are pro(!eeding, final decisions in regard 
to the implementation of tho power development in this project have not yet boon 
taken. It is, however, hoped tha.t this would be expedited and the necessary works 
proceeded with early. 

10. Koyna River Development Project 

Another major multi -})ur])ose development sciiome in tho Bombay state on whicli 
preliminary work is in ])rogress, is the Koyna River Development. The scheme 
wliich will cost over Rs. 40 crores, involves tho construction of a dam about 350 
feet high across the Koyna river impounding about 154 m.c.ft. of water of which 
about 44 m.c.ft. will boused for irrigation and 69 m.c.ft. for power generation. The 
])owor out])ut ortho first phase of development of tho scheme will be 320,000 kw. 
The main drawback of this scheme is the huge caj)ital cost and tho magnitude of the 
work involved ; it might take tho good part of about 10 years to complete tho scheme. 

1 1 . CiiAMBAL River Development 

The devo]oj)mont of the Chambal river is being considered jointly by tho authori- 
ties of Rajasllian and Madliya Bharat. There will be three largo reservoirs at Kotah, 
Raw'atbhata and Chaurasigarh and at each of these locations, power plants aggre- 
gating to 42,000 kw,, 62,000 kw. and 72,000 kw. respectively wiU be installed. In 
the initial stages, however, work will bo proceeded on with tho construction of 
power plant at Chaurasigarh only and transmission linos to supply power siipjjly 
at the major t*entres in the tiroa, viz. Jaipur, Jod}ij)ur, Gwalior, Indore, etc., will be 
built. Tho Central Electricity Commission have recently carried out a comprehensive 
load survey of the Madliya Bharat and Rajasthan areas with a view to design a 
suitable grid R 3 ’stcm in connection with the Chambal hydro-electric scheme. Based 
on this surve^^ a suitable network of power lines will bo built and supply extended 
to the various load centres in tho area. 

12. Conclusion 

The statement given in tho appendix gives a broad idea of the various river 
valley schemes being pursued as multi-purpose projects. Tho tendency for utilizing 
tho natural resources of a river valley in a unified and co-ordinated marnior, is gradu- 
ally gaining ground in India. The Government of India are considering at jiresent 
a suitable legislation to regulate and develop the inter-State rivers and river valleys 
and when this proposed legislation is placed on tho Statute Book, it will further 
assist the unified development of India’s rivers and river valleys. 
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APPENDIX 

AluUi-purpoae hydro- electric scheme {either under execution or likely to he taken up in the near future) 


Naiim of Project 


West Bengal. 


Ultimate installed capacity 
of power plants* 


Other boiieiits 


1. Mni- lieservoii- Project 

B ihar. 

2. D.V.U. Projects— 

(a) Tilaiya 
(/->) Ivonar I 

(c) Konar II and 111 

(d) Maithon 

(c) Panchot Hill 
(/) Aiyar 
{(/) Balpahari 
{h) Bermo 

Bombay, 

3. Kadlianagari Ilydel-eum- 

Irrigation Project. 

4. Tapti Vallc'y Development, 

Kakarpar Project. 

T). Ku^'^na Hydro- Fdectric 
SchetiK'. 

iVadra.s. 

0. Tungabliadra llydel-cum- 
Jrrigation JSclieiiui. 

Orissa.. 

7. Mahaiiadi V^aliey Develop- 
ment — ^IPirakud Project . 


Bunjab, 

8. Bliakra-Nangal Project 

Uttar Pradesh. 

9. Moharnmedpur Hydel Pro- 

ject. 

Bhopal. 

10. Kolar Nadi Hydol-eum- 

Irrigatioii scheme. 

Madhya Bharat and Rajasthan, 

11. Chambal Hydel-cum-Irri- 

gation Project. 


Rajasthan , 

12. Jawai River Project (Jodli- 
pur). 


4,000 kw. 


2-2,000 kw. 
2-10,000 kw. 
2-11,000 kw. 
2-20,000 kw. 
2-20,000 kw. 
2-22,500 kw. 

20.000 kw. 

25.000 kw. 


4-12,000 kw. 
9-24,000 kw. 


320,000 kw. 


5 7,500 kw. 


0-37,500 kw. 
and 4 24,00t) kw. 


Nangal: 0-24,000 kw. 
Bliakra: 0— 80,000 kw. 


3-3,500 kw. 


3-5,000 kw. 
and 2-750 kw. 


Chaurasigarh : 72,000 kw. 
Rawatbhata (Mewar) 
62,000 kw. 

Ketah: 42,000 kw. 


2-1,200 kw. 
2-760 kw. 


Irrigation. — 000,000 acres. 
Also flood conti“ul and pre- 
vention of soil erosion. 


Irrigation — 9 lakh acres, also 
flood contixil, coal const^rva- 
tion, industrial and done si ic 
water supply, t-ransport faci- 
lities, elect riflcal ion ol rail- 
ways, industrial d{'V('iopnic iit , 
national defence, r«‘<'rcat ion, 
liah oultivat ion, soil conserva- 
tion, etc. 

Irrigation — 1 9,000 acjc'S, 

Irrigation — 0,35,000 acit^s, 

also flood control and navi- 
gation. 

irj'igation — 440,00 acres. 


Irrigatiou — 1 10, 600 acres. 


Iri'igation — 1,094,953 acres, 

also flood control, naviga- 
tion, soil coiiserv’ation, silt 
control, fish culture and 
recreation. 

Irrigation — 3,581 ,497 a<;re8 


On Gunga Canal which is 
intended for irrigation. 

Irrigation — 41,000 acres. 


Irrigation — -700,000 acres and 
navigatif)n and fish culture. 


Irri gat i on — 7 0 ,000 acres . 


* Figures indicate the ultimate capacity proposed; but during iinplc;inentation of tlxe 
schemes, the installations will be suitably staged. 
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Discussion 

Dji. X. L. Xao — ^Tt is stated in the paper that the thermal power may be cheaper than the 
hydro-electric power, spofnally if t he cost of the dams is to bo borne on the Power Development. 

This statement is rather difiicult to understand and may mislead some people to think that 
‘Hydro-power’ is not ossontial. The entire industrial prosperity of Southern portions of Madras 
state is duo to the diwolopmcnt of hydro -elc-ctric power in Pykara, Mottur and Papanasain where 
the entire cost of the dams is charged to power. Kven in T.V.A . it is admitted that the prosperity 
of the valh^y is s(dely due to hydro-electric powei’ and even if the entire cost of the scheme is borne 
by power, the scheme would still have proved highly economical. A large number of dams wore 
constructed across rivers Xen and Xec, under Galloway scheirKs in United Xingdom, to develop 
the hydro-electric power and support tlie thermal power suppli<'d to the city of Glasgow. 



MINERAL UTILISATION 

By W. D. West, M.A., Sc.D. (Gantah.), F,NJ,, FM.A.S.B., Director, Geological 

Survey of India, Calcutta. 

SUMMARV 

The main functions of a multi-purpose river project are irrigation, flood control, j>owor 
production and navigation. The two latter have a direct influence on mineral utilisation. 

If power production can be increased it will aid mineral and metal production by cheapening 
it. Witli more abundant power, mining can be mechanised, smelters and rofhieries to reduce 
tho oroH to metals oan bo introduced, and rolling mills can be built. Further, the produr'tion 
of clieap electric power will enable the better quality coal to bo used for pmposes other tluin 
power production. 

Navigation by river or canal, because it is relatively cheap, will also assist mineral pro- 
duction, for one of tho main difficulties hampering the mineral industry in India is the high cost 
of transport. 

But perhaps tho main advantage of a multi-purpose schomo to mineral production is the 
cjpportunity it provides for co-ordinated planning of mineral utilisation. No country is solf- 
sufficent in minerals, ot in tho products derived from them. But the more it can be made sc^lf- 
sufficient, in a sound economic way, the better. What applies to a country also applies to an 
area, for the essence of .successful industrialisation is close co-ordination of as largo a number 
of related industries as possible. 

The setting up of such an authority as the D.V.C. should encjourage co-ordinated industrial 
development. By making an inventory of the total mineral resources of an area, and 
by planning the best utilisation of these resources, private enterprise, aided and encouraged 
by State assistance, may be co-ordinated so as to produce the most fruitful results; 
and such co-ordinated industrialisation will lead to the utilisation of minerals in local industries, 
as against tlieir export in the raw state. The Damodar Valley, with its riclmess in minerals, 
j)rovides an ideal case for planned mineral utilisation. 

Certain drawbacks, such as the flooding of mineral deposits by reservoirs, or by seepage 
from reservoirs, have to be guarded against. Tho possibility of rendering some seams in the 
Bokaro coalfield unworkable by the construction of the Bokaro reservoir, for example, noodvS 
careful investigation. 

Tho subject of mineral utilisation, which Mr. Khedker and I are to speak about 
today, is not ono whi(*h can be disenissed in very j)recise terms. Tliere an^ certain 
directions in which a multi-purpose river project can obviously benefit mineral 
utilisation, and these will bo leferred to in a general way. 

Of the main functions of such projects: irrigation, flood control, power produc- 
tion and navigation, it is the two last which will have a direct influence on mineral 
utilisation. 

It is obvious that if power production can bo increased and cheapened il vdll 
aid in mineral and metal production. That these projects will increase })ower ]>io- 
duction is clear. Whether they will also be able to provide i t at a (dieap rate is anol her 
matter, and will depend upon what proportion of tho cost of a scheme can bo borne 
by the other functions of tho scheme such as irrigation. Ordinarily the ])roduct ion 
of power alone by the construction of a costly dam in relatively level country cannot 
compete in price with its production from coal where supplies of this mineral a.ro 
abundant and cheap. But the advantage of a multi-purpose scheme is that the 
cost of construction can be covered by the revenue derived from more than one 
source, and it may thus be possible to produce electric power relatively (?heaj)ly. 

Assuming, therefore, that it is possible to provide cheap power, then a groat deal 
can be done with it to develop the mineral wealth of the area. Mining can be mechan- 
ised, smelters and refineries to reduce the ores to metals can be introduced, and 
rolling mills set up. The film that was shown yesterday illustrated well the way 
in which the minerals of the Tennessee valley were being utilised in the industrial 
development of the valley. 
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In thin connection there is one further point that should be mentioned which 
has particular reference to India, where there is an abundance of second grade coal 
but not so much good quality coal. By producing cheap electric power, which can 
bo used not only for industrial purposes but also for the electrification of railways, 
tlio bettor quality coal can bo used for purjjoses other than power production and 
transj)ort. 

Navigation by river or (‘anal, because it is relatively cheap, will also assist mineral 
production, for one of the main difficulties hampering the mineral industry in India 
is the high cost of transport. For example, the cost of transporting gypsum from 
R^ijasthan to the Sindri fertiliser plant in Bihar is more than four times the cost 
of the gypsum at the mine. 

These advantages which I have mentioned are obvious. Less obvious, though 
perhaps almost as important, is the opportunity such schemes provide for the 
co-or(iinated plamiing of mineral uti lisation. No country is self-sufficient in minerals, 
or in the products derivexi from them. But the more it can be made self-sufficient, 
in a sound economic; way, the better. What applies to a country also applies to an 
area, for the essence of successful industrialisation is the close co-ordination of as 
large a number of related industries as possible. The Ruhr valley is an example, 
and the Damodar valley, and ])crha})s also the Mahanadi valley, may one day be 
equally flourishing. Therefore, the setting iij) of 8U(;h an authority as the Damodar 
Valley Corjioration is im])ortant, because it should be in a position to encourge, if 
not to direct, co-ordinated mineral development. 

If we (;onsider the mineral ])otontialities of these two valleys, we find that the 
llamodar valley is unusually rich in those minerals required for industrial develop- 
ment. Over 4d per cent of the mineral production of India (judged by value) 
comes from Bihar. But the Damodar valley also includes the Raniganj coalfield 
of West Bengal, so that altogether this valley is already responsible for more than 
half the total mineral produ(;tion of India. 

The Mahanadi valley has the essential minerals, exc^ept high grade coal, required 
for the iron and steel industry, the aluminium industry and the cement industry. 
As this valley includes ])arts of Orissa that have not yet been surveyed in detail, 
its mineral resources may prove to bo greater than is at present thought. 

The honefits to bo deriviHi from these two multi-purpose river schemes, there- 
fore, are likely to have a cc^nsidorable influence on the utilisation of the mineral 
wealth of India, particularly if t hat utilistion is })roperly planned and (;o-ordinated 
with existing ])rivate enterprise. Moreover, such co-ordinated industrialisation 
will le/id to the utilisation of minerals in local industries, as against their export in 
the raw state. I may rel'er particularly to two minerals: mica and bauxite 
(aluminium-ore). 

India i)roduces more than 70 per cent of the world’s best mica, but it is prac- 
tically all exported. It is true that it is securing valuable foreign exchange to the 
oxt-ent of about Rs.8 crores a year, a large pro])ortion of which is in dollars. But 
would it not be better if at least a portion ol’ it could bo utilised in an indigenous 
electrical industry, at present almost non-existent. 

The aluminium produced in India (less than one -third of the country’s require- 
ments) caimot at present compete in price with the imported metal. For successful 
(;heap ])roduction it is necessary to work in large units and to have an abundance of 
cheap ekxdric power. Those two requirements may be reiilised in a fully developed 
Damodar or Malianadi valley. 

Finally, reference may bo made to (certain disadvantages that may arise if the 
plans are implemented without a full appraisal of their effects, such as the losses 
tluit may be incurred through the reservoirs flooding valuable- mineral deposits. 
Two examples may be mentioned wliich call for careful examination. 

The Aiyar dam, which will hold up the upper waters of the Damodar river, will 
Hood, according to J. B. Auden and P. K. Ghosh, about one-quarter of the Ramgarh 
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coalfield. Though the coal in this field is poor in quality, it has a local use, and 
about 600,000 tons a year are being mined. There is also a possibility of this coal 
being used for the production of synthetic petroleum, though for the time this proposal 
has been dropped. 

A more serious wise is the proposed Bokaro reservoir, to be located between 
the East and West Bokaro coalfields, which will flood about seven square miles of 
coal measiu’os in the West Bokaro field. It is clearly very necessary to carry out 
more detailed investigations before the construction of this dam is decided upon. 

In such cases it is necessary to balance the disadvantage of losing a certain 
amount of coal (or of having to mine it under difficult conditions) against the 
advantages to be derived from constructing the reservoir. 




MINERAL UTTLTRATTON 


By V. R. Khicbker, Geologist, Geological Rvrvey of India, Calcntta 

(Commmiioatod by Dr. W. T). Wost , F.N.T.) 

Summary 

The cheap hydro-electric power from a river valley project connotes industrial development. 
Minerals constitute a, major raw material fac'tor in modern industry. It is a fortuitous and 
happy circumstance that India, is endowed by Mother Nature with a fair proportion of minerals 
— «, bounty whicli is not bequeathed uniformly over the world. The mineralised zones in India 
are: Bihar, Orissa, Madhya Pradesh, Vindhya Pradesh, Mysore, Madias, Rajputana and Assam. 
The river valley projects now well under way are the Damodar, Hirakud and Bhakra. 

The area which benefits by a rivmr project extends to such distances around it over whicli 
electric power can bo transmitted and mineral resources exploited. Thus, the Damodar Valley 
Project will benefit Bihar, West Bengal and North Orissa. Incidenitally this area is the richest 
mineralised zone in India and holds vast reserves of most of the minerals which servo as vital 
raw material for industry. 

The imports into India, of capital and (ionsumer’s goods, in t he manufacture of which minerals 
are required, amount to Rs. 700, 000,000 annually. This figure emphasises the possibilities 
which exist for the development of domestic manufacturing industries. 

Compared with Oreat Britain and XT.S.A., the development sf> Far ochim^ed by India in the 
field of industry is very poor indeed. 

Modem industrial piractice has become very eom|)licafed and has transgressed the limits 
of private enterprise. It now reipiires from the Statv, safeguards, guarantees, jirotee.tioii and 
sometimes even capital. All those factors lead to nationalisation which is not haik^d bj all os 
a success in Britain today. Tlio nearest solution seems to be t he State sponsored, semi -indepen- 
dent and autonomous river valley jiroject, if firomotion of industry in an aid ive sense were to 
be included as one of its mult i-purpose activit ies. In India, it is already widl known, that, with 
a few exceptions, private enterprise has not succeeded in laiilding u]) as stabl(^ a mineral industry 
as is desirable, and the proper and seientifie cixjiloitat ion and conservation of minerals, whicli 
are an irreplaceable national asset, has rarely been kitpt in view. 

The reserves of mineral raw material in the Damodar Valley and adjacent, region (including 
apatite, bauxite, chromite, clay, coal, (topper-ore, gold, iron-ore, mica, refract (>r> minerals, suljjhur, 
vanadium ores and rare minerals, etc.) constitulv a tromeiidous potential for metallurgical — 
ferrous and non-ferrous, chemical, heavy chemical, ceinorit , ceramic*, refractory, insulat ion, 
glass and paints indusfries. Similar possibilitic^s exist in the othcir mineralised areas of India 
mentioned above. All this potential nat ional wealth awaits ex]>loitation in an integrated patteni 
as soon as (heap electric power from rivor valley projects be(tomos availabk^ 

Thus, it is evident that utilisation of minerals in industry lias to be made an important, 
economically defined and direct function of multi-purpose rivei* valk'y projects which should 
he designed to cover as much of the mineralis(?d zoi os of India as is piossihle. 


Tho series of scientific and technical operations which constitutes a ‘Mnlti -purpose 
River Valley Project ’ form an accepted process today for t he cx'onomic advancement of* 
an area. Certaiiipre-requisit os are, however, necessary, viz. a 
river with reasonable water, sites for dams, irrigable terrain 
doMTi-8tro<am and existent or possible installations for con- 
suming the power to be generated. Electricity is tlio ‘o]jen sesame’ of industry. 
The generation of cheap hydro-electric power (connotes industrial development. 

Minerals and their constituents, either refined as such, or (Lemieaily or motal- 
liirgically processed form the basic and often major raw material factor in any mechan- 
ised industry. Unfortunately, minerals are not abundant 
* everywhere. They are a bounty from Mother Nature, 
which she has distributed with caprice and scrutiny! It 
is the privilege of the Geologist, tho custodian of this bequest, to state, that Mother 
Nature lias endowed India with a fair j)roportion of this bounty. The mineralised 
zones in India, so far known, are located in : South Bihar, Orissa, Central and eastern 
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Madhya Pradesh, Vindhya Pradesh, Mysore, South Madras, Rajputana and Assam. 
In addition, there are smaller and isolated areas, e.g. Cuteh, Go^vari basin, etc. 

The area which benefits by a river valley project extends to such distances 
around it, over which it is economically possible to transmit electric power or exploit 
mineral resources. Taking the Damodar Valley Project as 
Ope^a^^nal an example, it will be seen that this project will help to 

project ^ develop central and southern Bihar, West Bengal and 

northern Orissa. Incidentally this area forms the richest 
mineralised zone in India and holds vast reserves of the minerals which serve as vital 
raw material for industry. 

The imports into India, of capital and consumer's goods, in the manufacture 
of wliich, minerals or tlieir constituents are utilised, amount to about Rs. 700,000,000 
annually. This figure is based on such statistics of imj^orts 
dustHal^* available which are, however , rather incomplete. Even 

so, this figure clearly emj)lia8ise8 the possibilities wldch exist> 
in the development of domestic manufacturing industries. 
Taking 1870 as approximately the year from which a wider mechanisation 
f*f industry eommenc^ed, the progress made by India when comj)arod with that 
achieved by Britain and America indicates groat disparity, 
far^ ***'^^**®^^ Wars have always imparted a tremendous stimulus to 
industry. Even witli the t>wo major wars during the first 
half of this century, the only outstanding industrial units whidi devolo])ed in Indiu. 
are the iron and steel, textile, cement and a few units manufacturing mecha-nic^al and 
electrical machinery. It is patent that the ca])acitie8 of all those units arc far below 
tlie domestic requirements. Thus, if tropical inertia is not* to be attributed as the 
prime cause of this disparity and slow growth, then other (^auses will have to be 
found. It is true that mobilisation of large c^apital is not easily j>ossib]o in India, 
as also the emphasis on quick returns on the i)art of the investor s. Porhajrs, those 
were some of the important causes. 

However, modern industrial practice has become very complicated and has 
transgressed the limits of private enterprise. In almost all the advanced countries, 
industry now seeks from the State, safeguards, guarantees, 
^^iidust^ protection and sometimes even capital. All these factors 

lead to nationalisation, whicdi has, however, aroused a deal 
of controversy and criticism in Britain today, where the organisation of ca]>ital 
has reached a high degree of specialisation. Conditions regarding tlie industrial 
set up in India are perhaps quite different. All the same, the experience available 
abroad should be helpful in ratiomdising, the mechanics of the investment of capital 
ill India, particularly in terms of the river project, which offers the n(:«irest solution 
in being State sponsored, semi-index>endont and autonomous. A set uj) whicli is 
obviously only too congenial for promotion of industry to be included as one of its 
multi -i)urp()se activities. Further, in India, it is already well known that with a 
few exceptions, private enterprise has not succeeded in building uj) as stable a mineral 
industry as is desirable in terms of the existing potential. What is more, the j)rox)or 
and scientific exploitation and conservation of minerals, which are an irreplacofiblo 
national asset, has rarely been kept in view. There are many areas in India with 
a fairly large mineral xiotential and also rivers, awaiting the formation of river jiro- 
jects. In some instances, the project may comprise of but a single dam. 

In the Damodar Valley and adjacent region there are large reserves of minerals, 
mineral assemblages and rocks which servo or will serve as raw material for industry. 
Some of these minerals are: apatite, bauxite, chromite, day, coal, coj)per-ore, gold, 
iron-ore, mic^ii, refractory minerals, sulphur, vanadium-ore 
Dam^ar*^* minerals, etc. These reserves constitute a tremen- 

^ potential for such tosic industries as: metallurgical — 

ferrous and non-ferrous, chemical, heavy chemical, cement 


Damodar 

Project 



V. R. khedkbb: mineral tttilisation 


543 


ceramic^s, refractory, insulation, glass and paints. The products of these various 
industries are used either directly or are processed through the subsidiary and 
fabricating electrical and mechanical engineering industries which finally yield the 
capital and consumer’s, goods. (Khedker, 1949.) 

The other river projects now well under way are the Hirakud and the Bhakra. 
The possibilities of industrial development due to them are more or less on the same 

Conclusion lines as those mentioned above. Similar prospects of in- 

dustrial development exist in the other mineralised areas 
elsewhere in India. All this potential national wealth awaits exploitation 
in an integrated pattern as soon as cheap electric power from river valley projects 
becomes available. 

Thus, it is evident that utilisation of minerals in industry and development 
of industry have to be made as direct functions of the river valley ju’ojec ts which 
should be planned and designed to cover as many of the mineralised zones of India, 
as is possible. 

Reeebenoe 

Kliodker, V. K. (1949). Mineral Resources of the Damodar Valley and Adjacent Region and their 
utilisation for Industrial Development. (In Press). Published by thcf Damodai- Valley 
(.’orporatioii, Anderson House, Alipur, Calcutta. 




CEMENT AND MULTI-PURPOSE PROJECTS ^ 

By J. B. Atjdbn, M.A., Sc.D. (Cantah.), F.N.I., B a per intending Geologist, 
Geological Survey of India, Calcutta. 

Summary 

After an enumeration of the different claBses of Portland Cement, a discusBion followR on 
.specifications, with particular regard to ma.gnesia and alkalis. Experimental work has shown 
that expansion takes place with cements containing 5 per cent magnejsia, duo to the hj’^dration 
of periclaso to brncite, and it is considered unlikely that any relaxat ion of the specified limit of 
magnesia should bo allowed. The alkali reaction is discussed on the basis f>f work recently done 
in America., and potentially reactive minerals in the basic lavas of the Deccan Traps are cc'n- 
sidered. The use of j)ozzolaii substitutes for a part of the cement is discussed in the light of 
work done l:)y the Bureau of Reclamation, and materials which may be of v^aluo as pozzolans in 
India are briefly outlined. Finally the question of beneficiation of impure limestone, s is discussed 
in regard to cerlain lirnostone.s in northern India. 


COISTENTS 


1. Types of Portland Omen t 

2, Specifications 

2. Economy in the quantity of ccrnonl used in concrete 
4. Beneficiation of Lirne.stones 
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The object of this article is to stress cert ain aspects of the cement problem as 
they concern multi-purpose projects in India. Some of tlu^ data are derived from 
published books and articles, but it is thought desirabUi to assemble the information 
and discuss its application to Indian conditions. 


1 . Types ov Portland Cement 

The bulk of the Portland Cement manufactured in India corresponds t o normal 
cement of Type I according to the present* classification. In 1930 an important 
advance was made in the U.S. A, in connect ion with the construction of the Boulder 
Dam, a massive structure 726 fbet in height from low^est foundation, 660 feet in 
base thickness, and 3-24 million c.yds, in volume. With normal Portland Cement, 
and wit hout special cooling, the mass concTete of the Boulder Dam would have taken 
over a ceniiiry to cool down to temperature equilibrium, according to the calculated 
gradient on the upstream face of the dam of 40°F. at the base and 72®F. at the top. 
Consequently, a special low heat cement* was developed, and artificial cooling was 
adopted, in order to accelerate the attainment of equilibrium. The low-heat cement 
had a decreased amount of C 3 S and C 3 A, and a larger proportion of C 2 S. The great 
dam projects now under consideration in India have necessitated the initiation of 
experimental work in this country, and some years ago various types of low-heat 
cement were manufactured on an experimental scale at one of the A.C.C. factories 
in northern India. The A.C.C. have just recently announced the capacity for full- 
scale production of this type of cement. Other types of cement, suitable for special 
purposes, are also extensively manufactured abroad. 


1 Publisbed with the permission of the Director, Geological Survey of India. 
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Th(' rharaotenatics of the 5 main types of Portland Cement are tabulated below 
(Bogii<!% 1947, p. 25). In additioii have been given (certain normal and specialised 
cerrumts manulactured in the United States. 


Portland CEMKl^T 



Standard typ€)8 of Portland Cement 

Manufactured typos 


Type I. 

Normal. 

Type II. 

Moderate Heat of 
Hydration . 

Type III. 

High Early Strength. 

Type TV. 

Low Heat. 

Type V. 

Siilphete Resisting. 

Permanents Standard 
Portland Tjq^e I. 

Permanents Low- 

Heat for the Shasta 
Dam. Type IV. 

is 

0 

1 

Q 

(h 

0 

2 

2 05 

0 <1’ 

mW 

Grand Coulee Dam. 
Modified Low Heat. 

SiO* 

21 n 

22* 2 

20-4 

24-3 

25-0 

23-56 

25-30 

23-4 

21-9 

AlfiOg 

a-0 

4-7 

5-0 

4-3 

3-4 

3-97 

4-12 

5-21 

5-00 

Fc^Oa 

2-7 

4-2 

31 

4*1 

2-8 

3-05 

3-2 4 

4-62 

4-29 

CaO 

02-2 

0.3- 1 

64-3 

62-2 

64-1 

65-34 

64-34 



MrO 

2-9 

2-5 

2-0 

1*8 

1-9 

1-30 

1-06 



SOa 

1-8 

1*7 

2-3 

1*9 

1-6 

1-49 

1-24 



Ign. Loss 

Alkalis 

1-3 

0-8 

1-2 

0-9 

0.9 

0-51 

0-57 
0-52 y 
0-13^ 

KeO— ( 
NajjO— 

•14 

-0-43 

Insol. Res. 

0-2 

01 

0-2 

0-2 

0-2 





Uncombined (^aO 







0-60 



CaS 

If) 

44 

53 

28 

38 

51-4 

34-0 



c*s 

27 

31 

19 

49 

43 

28-8 

47-0 



CgA 

11 

5 

1 1 

4 

4 

5-4 

5-4 



C^AK 

8 

13 

9 

12 

9 

9-3 

9-6 



CaS04 

:m 

2*8 

4-0 

3-2 

2-7 





MgO Max . 

r>-() 

5-0 

5-0 

5-0 

4-0 





SiOa Min . 


21-0 



24-0 





AlgOa Max. 


6-0 



4-0 





FogOs Max ... 


6-0 


6-5 

4-0 





C3SMax. 


50 


35 






OgSMin. 




40 






(’3A Max. 

Fineness (Sq.ein./gr.) 


8 

15 

7 

5 





1 ,000 

1,700 


1,800 

1,800 






For high dams located in narrow gorges, involving mass concrete with a base 
width of 500 feet or more, there is little doubt tliat true low-heat cement of type IV 
will have to be used in conjunction with artificial cooling. For dams of lower height 
and base width, even if of large total volume on account of great length, such as at- 
Koyna and Kakarapar, type II cement, with a moderate heat of hydration, will 
Hidii(;e, without possibly the adoption of special measures for artificial cooling. 


2. 8pe(^tfioations 

From table (1 ), it is seen that- the maximum permissible proportion of magnesia 
is 5 per cent in types I-IV inclusive, and 4 per cent in type V. The average content 
Matf i magnesia in the typical cements tabulated above is only 2*22 

gnes^a cent. From tables given by Lea and Desch the average for 

10 samples of British cements is found to be 1*02 per cent, and 2*60 per cent for 12 
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samples of American cements. The average magnesia content in 27 analyses of 
American cements cited by Witt (page 181) is 2 04 per cent, agreeing closely to 
that for the typical cements listed in the table given above. It may be noted that 
in the British Standard Specification for Portland Cement, the limit of magnesia 
is fixed at 4 0 per cent, which is one per cent less than in the American specifications 
for tyi)e8 I— IV. 

It is sometimes stated that the criterion regarding magnesia can be relaxed, but 
there is no certainty that this is really so. According to Bogue, the available evidence 
is that magnesia does not enter in combination with the other ingredients of the 
cement, and the danger of its presence beyond a certain percentage lies in the 
hydration of periclase tp brucite. Assuming a specific gravity of 3-66 for pcriclaae 
and 2*4 for brucite, the hydration of periclase to brucite results in an expansion in 
the molecular formula volume of 1 20 per cent. Tliis reaction is well known in meta- 
morphi(i rocks, the Pencatite of the Tyrol consisting of brucite and calcite, the former- 
derived from i)ericlase. Autoclave experiments have shown that a large expansion, 
even years after setting, takes place in cements with 5 per cent of magnesia, but 
that no expansion occurs if the magnesia content is 3 per cent or less (Bogue, 1 947 ; 
503, 504). The recorded expansion and cracking of concrete, sucli as at the Parker 
Dam, has been found to be due to the alkali reaction discussed below. It is possible, 
howeVor, that the extensive and valuable research done on the alkali reaction in 
concrete may have diverted attention away from delayed reactions arising from 
hydration of periclase in concretes containing cement relatively rich in magnesia. 
Inasmuch as most cements have a magnesia content well below the specified limit, 
it is unlikely that the periclase -brucite reaction is of general signiticance, but it 
deserves serious observation and research in view of the very recent decision of tlu‘ 
Indian Standards Institution to raise the magnesia limit of Portland cements in 
this country to six per cent. 

Some of this expansion to brucite can be reduced if the cement clinlter is quickly 
(jliilled, with the resulting isolation of periclase, partly in solid solutioTi and partly 
as crystals, within the glass ground mass, since the 2 :)ericlase then has no chance 
to hydrate to brucite (Bogue, p. 105). But cements with a high glass content have 
also higher heats of hydr ation, which is a most undesirable property in the case of 
cements of types II and IV. It may be assumed therefore that the ma^resia content 
should remain as low as possible, and should be less than 4 0 per cent in the cement, 
and preferably below 3*0 per cent. This implies that the magnesia content of the raw 
slurry before calcining shc^uld not normally exceed 2-6 per cent, and if possible should 
be under 2*0 per oent.i 

Another criterion which has recently assumed importance in America is tho 
(quantity of alkalis in the cement. Due to the necessity in some of western States 
U.S.A. of employing acid volcanic aggregate which fre- 

AlkaUs quently contains opaline silica, deleterious reactions have set 
up between the alkalis in the cement and the unstable hydrated silica in the 
aggregate. This results in the formation of silica gels, expansion of the concrete' 
and extensive cracking, the most noteworthy example being the Parker Dam 
on the Colorado River. Research has shown that tliis i)articular reaction can with 
few exceptions be prevented, even though chemically unstable aggregate is used, 
provided the alkali content of the cement (soda, together with potash estimated as 
s«)da) remains below 0*60 per cent. Besides opaline silica, other deleterious minerals 

: — chalcedony in chalcedonic cherts ; chalcedony with or without opal in siliceous 
limestones ; volcanic glass, de vitrified glass and tridymite in acid and medium volcamc 
rocks ; and hydromica and finely divided quartz in some phyllites. For full details 
reference should be made to the important paper recently published by Blanks 
(1949), which is based on the work of the petrographers McConnell and Mielenz. 


^ Referenoe may b© mad© to the footnote on page 55C. 
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So far as is known, no research has been done on this problem in India, doubtless 
because concretes in important structures have not been subjected to swelling and 
crackings There is, however, occasion for much research work to bo done on the 
basslls of the Deccan Traps, which contain chalcedony, celadonite and zeolites. 
The z(^olit(^H consist of hydrated aluminium silicates variously combined the soda, 
potash, lime and magnesia. The bonds holding these atoms are weak and base- 
exchange reactions are characteristic of minerals of the zeolite group, which is the 
basis of tlieir use as water soft^eners. In March, 1949, the Geological Survey was 
asked to give an opinion as to whether or not certain zeolitic basalts found near the 
Kalyan power-house e.ould be used as aggregate for concrete. No data were avail- 
able, but it was considered that the zeolites might set up base-exchange reactions 
with the cement in th(^ (?onorete: — 

ia) between any free lime in the cement and alkalis in the zeolites; 

(})) bet. ween alkalis in the cement and zeolites contain exchangeable lime. 

8ubse(pi(ntlv, tlu' paper by Blanks came to hand in which it is seen that 
work on zeolites has alrtiady been done in the United States. Failure is reported 
to have occurred in a concrete employing zeolit.e-lx^aring anorthosite as aggregate. 
This aggregate had 1 -4 per cent by weight of replaceable bases. In view of t he fact 
t hat the Deccan Trai)s occupy 200,000 square miles of area in Western India, and 
basalts must of necessity be the main soiuxje of aggregate, the react ivity of zeolit es 
should not be overlooked. 

It. is unecjrtain to what extent the limit of 0-60 per cent alkalis will be demanded 
in manufacjturing cement for mass concrete work in India. The alkali content 
appears t o Ixi of significance only when the aggi’egate used contains minerals which 
a,ie chemically reactive. Moreover, the alkali reaction (;an in some cases be con- 
t.rolUxl by t.lu^ substit ut ion of a certain proportion of pozzolan, as was dom^ in th(^ 
case of the Davis Dam. Over many parts of north, east and south India the aggrt^- 
gates are probably not reactive, but tliis supposition may require qualification after 
l esearch has been done on concretes found to be unsound. Poor quality concrete 
may exist, in several lo(!alit-ies, on the defects of which no ]>aT'ti(adaT‘ studies havc^ 
been made. 

Since, however, the alkali content of cements has been Ibund to be of great 
significance wit h (certain types of aggregate, it is clear t hat out of any r epresent ative 
group of lim(iStones sampled, at. least 20 per cent of the analyses should include soda 
and potash. It is probable also that the alkali content of cements will be included 
in futurti sped ti (nations. 

Alkalis are not usually analysed in Indian limestones, but the following two 
liTU(‘ston(;s may be cited as containing a low alkali content: — 

(a) Rohtas Limestr^ne, Sone Valley Portland Cement Co., Japla,: 

‘Alkalis, etc.’ 0*42 per cent. 

{!>) Langrin Limestone, Khasi Hills, Assam: 

Alkalis 0*36 per cent. 

On the other hand, the average alkali content of four samples of crystalline limestone 
from Bhainse Dobhan in Nepal is as high as 2*47 per cent. These alkalis are largely 
ill (ximbination with alumina and silica as feldspars. 

3. Economy in Quantity of Cement Used in Concrete 

The most probable change in construction methods for mass concrete work is 
likely to be the substitution of pozzolanic constituents for part of the cement now 
employed. The practice for mass concrete work on dams until recently has been to 
employ a barrel of cement (376 lbs.) per cubic yard of concrete, or 0*63 tons of cement 
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per 100 cubic feet of concrete. The latest work in the States and other countries has 
shown, however, that pozzolan-portland mixtures provide a strong concrete, and it 
is to be expected that great savings in cement will be gained in India provident 
suitable pozzolan substitutes can be located within economic distances of projects 
and cement factories. This becomes of great importance in t he case of dams sucli 
as that projected across the Kosi River in Nepal, which v^^ill be of the order of 10 
million cubic yards of concrete, and would necessitate according to normal practice 
the use of about 1*7 million tons of cement. 

Pozzolans are defined by F. M. Lea (p. 460) in the Symposium on t lu* Chtnnist ry 
oi’ Cement, published by the Royal Swedish Institute for Engineering Researcdi, 
Stockholm (1938), as follows: — 

‘Siliceous materials which, though not cementitious in theniscKes, conlain 
constituents wliich at oT'dinary temperatures will combine with linu^ in flu' 
presence of water to form compounds wliich have a lt)w solubility and possess 
cementing properties. ’ 

Pozzolans were first developed by the Romans, who mixed pumice and obsidian 
with the hydraulic cements wliich they developed more than two thousand years ago. 

Blanks (1949 (2), p. 177) has described the ideal irortland-pozzolan mixture for 
dam 'concrete as follows: — • 

Quantities pci‘ cubic* yard of con- 
caede. 



\ (.)1U11U* 

Weight in 


c.ft. 

pounds. 

Cement , 3'y])(' li 

0*96 

l.S9| 

90/ 

Pozzolan 

0*66 

Wai(u* 

2 07 

1 30 

Exit rained air 

0*81 


Aggi Cigale 

22*60 

3,670 


27 

4,079 

Rat io ct'iuent/pozzolaii 2 

: 1 by weight . 



Mhe particular jjozzolan employed in the example cited above has a specilie, 
gravity of 2*58, hut other pozzolans ai‘e likely to exceed this in unit- volume wciight . 
In the United States one of the pozzolan materials in eomrnon use is })umicite. This 
material was emirloyed in the proportion of 20 per cent by weight ni the Friant Dam 
and 35 per cent by weight in the Altus l)am. The pumicitc? ineoi porated iri tlie 
Friant Dam was obtained from volcanic beds in the close vicinity and had a fineness 
of 2990 cm.2/gr., 98-8 per cent passing 200 mesh sieve and 97-8 per cemt passing 326 
mesh (crpeniiig 0*04 mrn.). Inasmuch as this particular material consists largely 
of acid glass, it would be expected that unfavourable reactions might have been set 
up with alkalis in the cement. In fact, however, the fineness modulus, or specitici 
surface area, is so large that such reactions as occurred must havci beem gi eatly 
accelerated, and were presumably consummated before the concrete had set. Pumice 
is also used in the preparation of light-weight concretes which require a high value 
for thermal insulation, but in this cxamj>le there is no saving in cement, since 6-7 
sacks (654-668 lbs.) are used per cubic yard. 

In the Davis Dam, Colorado River, the pozzolanic constituent was c'.alcined 
shale obtained locally, used in a 20 per cent replacement of cement by weight. The 
primary reason for the pozzolanic addition in this case was that the local volcanic 
aggregate is chemically reactive, and the pozzolan was required to prevent the 
expansion which would otherwise have occurred from the alkah-aggregate leaction* 
T. E. Stanton provides the following data (quoted by R. F. Blanks, 1948, Table 6). 
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Effort rf Pozzolanic admixture on several reactive cement-aggregale combinations. 


( -oment 
Nos. 

Alkalies 
per cent 

Percentage expansion in 

40 weeks at 70° F. 

No 

udmixturo 

Calcined 

Monterey 

shale 

1 

0-47 

0-067 

0-014 

2 

0-47 

0168 

0*016 

3 

0*61 

0118 

0-016 

4 

0-82 

0-266 

0-011 

5 

M7 ! 

0-230 

0-086 


With regard to possible pozzolan materials in India, it is unfortunate that pumi- 
(uie is not found in this country, although it may occur in the volcanic regions of 
Koli-i-Suli-an and Koh-i-Tiiftan in Baluchistan. In south India it has long been 
the pra(5tice to add surki, or crushed brick, to the cement, and it is probable that this 
may act as a pozzolan rather than merely as an inert constituent . Materials wliich 
<leserve furt^her study in India as possible sources of pozzolan may be tentatively 
tabulated below: — 

(a) calcined crushed shale, coaly Gondwana shale, phyllite ; 

(h) crushed blast-furnace slag ; 

(c) crushed oherty limestone and oherty dolomite ; 

{d) crushed rhyolite and trachyte in the Ilecoan Traps ; 

(e) crushed ash beds in the Deccan Traps ; 

(/) calcined fullers earth of Jodhpur and Jammu ; 

ig) calcined marls containing considerable argillaceous content in addition 
to calcareous phases, such as around Lucknow ; 

( h) crushed latorite . 

It is not suggested that all the materials indicated in the above list will be found 
suitable as pozzolans, but research work on them would be desirable. 

If suitable pozzolans can be developed in India it is clear that there will be a 
grciat rediKjlJon in t he quantity of cement required for mass concrete work. The 
saving in cement in the example given by Blanks is 50 per cent, but the reduced costs 
incurred thereby must be offset to some extent by the cost of obtaining and trans- 
porting pozzolan substitutes, as well as of calcining and grinding them. 

4. Bbnbfioiation 

Since many of the limestone deposits which have a chemical composition 
suitable for the manufacture of cement are already taken up, or will shortly be utilised, 
the future development of the cement industry will necessitate locating factories 
near limestone properties which lack the required chemical specifications until they 
have undergone some form of benefioiation,^ This will apply not only to factories 


1 Subsequent to the delivery of this address, the author learnt that the Indian Standards 
Institution had very recently decided to raise the upper limit of magnesia in Indian Portleuid 
Cements to six i>er cent, a fact which has been incorporated in the printer’s proof at the end 
of paragraph 1, page 547. The reason for this decision appears to be to permit the use of 
certain Viudhyan limestones which would otherwise have b^n debarred on account of relative- 
ly high magnesia. It is not known if benefloiation experiments have been carried out on the 
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erected to satisfy what may be termed the normal domestic consumption of cement, 
but in particular to factories which may have to be put up for the construction of 
the major dams involving the use of 1 to 2 million tons of cement for mass concrete. 
Some of these major dams are located in isolated areas in the Himalaya, which are 
far removed from existing plants. The transport of such large quantities of cement 
is costly and, as far as practicable, it will be necessary to erect factf)ries close to the 
dam sites. Many of the carbonate rocks of the Himalaya, in which all the high 
structures will be located, are dolomitic. Other deposits, although low in magnesia, 
tend to have excess silica and alumina and cannot be employed directly in the manu- 
facture of cement without beneficiation. In such cases, the economics of long 
haulage from existing factories in the plains will have to be studied in relation to 
those ensuing from factories erected closer to the sites, and utilising limestones 
requiring beneficiation. 

The beneficiation of limestones for cement manufacture developed shortly 
btifore the last wai*, three prominent plants being at Catasauqua (Pennsylvania), 
Parana (Argentine), and Hennenman (South Africa). Benehoiation was also used 
extensively for upgrading magnesite deposits in the United States which were being 
developed for the manufacture of metallic magnesium. The main process involves 
the use of'flotat ion, an adaptation of ore-dressing methods to non-mei allic? procemef^. 
Another process is based on diflPerences in specific gravity, but this has had little 
direct application to the cement problem, except in conjunction with flotation. 
A third system involves the use of chemical methods for the separation of magnesium 
from calcium in dolomite. Tlie flotation method is described in two articles in 
Pit and Quarry for 1938 and 1940, kindly supplied by Messrs. F. L. Smidth k. Oo. 
(Bombay) Ltd., concerning plants in South America and South Africa, and in greater 
detail in a paper by Engle hart (1940) for the plant at Catasauqua, Pennsylvania. 
Space forbids a description, but the following summary regarding flotation agents 
used may be quoted from Read (1943, p. 229): — 

‘Collecting agents for calcite include both fatty and resin acids and their 
soaps and emulsions. For siliceous materials, from which a high-silica material 
is retained and a material lower in silica but containing excessive amounts of 
alumina and magnesia is lejected, the collecting agent is a long-chain aliphatic 
amine. Frothing agents are monohydric alcohols, I'esinates and cresylic acid. 
Calcium lignin sulfonate, sodium silicate, and soda ash also have a part in the 
process. ' 

Unfortunately, satisfactory geological descriptions of the limestone deposits 
of the three plants described in the articles cited are not available. The Valley 
Forge limestone is probably metamorphic and moderately coarsely crystalline, as 
otherwise it would not have been possible to give the mineral mode of the rock. 
Dolomite formed 1 0 per cent of the material, presumably as discrete isolated crystals, 
capable of separation by flotation methods. The South African material must also 
be moderately coarse, since the calcite has been deposited in a sandy soil. 

Beneficiation of carbonate rocks by flotation methods has evidently been con- 
cerned mainly with treatment of the following lithological types: — 

(a) Crystalline metamorphic limestones in which the minerals occur as mi- 
croscopically distinct phases. Magnesia exists in the form of crystals 


limestones in question, but flotation improvement may be a possible alternative to the proce- 
dure actually adopted. The propriety of relaxation of the standard specification regarding 
magnesia has been, it seems, ewicepted by some cement experts, notwithstanding the known 
influence of high magjiesia in engenderiug expansion. The text of tliis paper must stand as it 
was given, and it will be of great interest to study the subsequent beliaviour of comjrete, parti- 
cularly mass concrete, employing high-maignesia cement, tliereby establisliing whether or not 
the laboratory experiments have general practical validity. 
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of dolomite, pyroxene, amphibolo or mica, which are capable of separa- 
tion from caloite. Silica is present in the form of quartz, or combined 
as feldspar, mica and ferro-magnesian silicates. 

(6) Ci-ystalline magnesite, in which it is required to concentrate the magnesite 
from a gangue of undesirable calcite, dolomite or quartz phases. 

(c) Non-magnesian limestones with excessive silica, alumina or ferric oxide, 
occurring as clastic constituents microscopically distinguishable from 
calcite. 

There is, however, a group of dolomitic limestones and dolomites located within 
tiie Himalaya, both as part of the Krol overthrust unit, and within the window zom^ 
of Larji, Shali, and Garliwal, which are microcrystalline or cry^Wociystalline, and 
(consist of a very intimate mixture of dolomite and calcite, with dolomite in excess, 
sometimes to th(> com[)lete exclusion of calcite. Tn view of the belief expressed in 
some quarters that magnesium c;arbonate and calcium carbonate can be separated 
from each other in dolomite by ore-dressing methods, it is necessary to stress that 
dolomite is a distinct double salt mineral. X-ray studies have shown that the 
calcium and magncisium atoms in dolomite lie alternately along trigonal axes in 
association with groups of COs-at-om combinations lying on the cent ral axis. Con- 
sequently, it is quite impossible to separat e lime and magnesia in dolomite by flota- 
tion, and only (ihomical methods can be employed for this purpose. Under favourable 
conditions of crystallinity it is possible to separate the distinct mineral ])hastis 
magnesite, dolomite and calcite, but the breakdown of' dolomite into its constituent 
T‘adicles by flotation cannot be achieved. 

Many of the Himalayan dolomitic rocks are, however, so fine-giained that it is 
improbable that normal flotation methods could be tised to sef)aratu (jalcite frc>m 
dolomite. This might be achieved on a laboratory scale by centtifuging and iwssibly 
dotation, with very in(;omf)letc separation, but as a commercial proposition such 
processes cannot presumably be considered. There is scope for* research on this 
problem in the case of the less fine grained rocks containing (jalcite in excess of 
dolomite, such as (‘.ertain of the dolomifes of the Krol-0 substage. 

The matter was referred to Messrs. F. L. Smidth & Co. (Bombay) Ltd., and the 
following is a quotation from their reply: — 

‘The cost of the flotation process depends to a very large (extent on the 
crystalline structure of the limestone available and for your information w(; would 
like to add that we have already carried <jut- some tests on Indian limestones. 

Wo have found tliat, for instance, limestone from tbe Tinnevelly area can 
be easily purified by the flotation process whereas we have also found that 
limestone of the ty|)e found in tlu' Bhopal State cannot be purified to such an 
extent that it will be suitable for the manufacture of cememt. 

With the flotation process the content of magnesium carbonate will generally 
not be reduced but if magnesium is pro.sent as magnesium silicate this mineral 
can generally be removed from the purified raw material.’ 

This same company indicate that in dotation plants already established th(‘ 
extra cost involved is approximately R8.4 per ton of cement, a figure which includes 
depreciation and intei est on the capital expenditure of the plant, but they stress t hat 
costs vary from case to case according to the method of treatment adopted. It 
may be expected that this figure will be considerably exceeded on account of present- 
day inflationary prices, and the necessity of recruiting liighly x)aid skilled personnel 
to run the specialised flotation plants. 

Among limestones in northern India which deserve consideration from the point 
of view of benefioiation may be mentioned the following : — 

(a) The Mandhali limestones of Kalsi, Dehra Bun District, which consist of 
alternations of limestones of the composition of natural- cement rock 
with more siliceous limestones. The limestones are fine-grained, with 
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uniformly low magnesia, but contain variable quantities of minute 
clastic quartz grains and argillaceous impurities. 

(b) The crystalline metamorphic limestone of Bhainse Dobhan, Nepal, already 

mentioned above, which have somewhat excessive silica and alkalies 
in the form of quartz and feldspar. The magnesia, which tends to 
occur beyond the specified limits, occurs partly as forro -magnesian 
silicfates and partly as dolomite. These limestones probably resemble 
those at Valley Forge, Catasauqua. 

(c) The crystalline metamorphic limestones of Chlianngu in south-east Sikkim, 

similar to those at Bhainse Dobhan. 

(d) Some of the more siliceous and magnesian limestones of the Rohtas stage 

in Mirzapur District, which are interbedded with natural-cement 
limestones. 

(e) Crystalline metamorphic limestones of Gangpur. 
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Discussion 

Dr. K. L. Rao — I t seems to bo nocesKary to draw tho pointed attention of the cement manu- 
facturers in this country to the urgency of producing * Rapid Hardening* type and ‘Medium 
Heat’ type of cements. Tho rapid hardening cement is necessary in all structural work and is 
practically the only typo used in construction of buildings and bridges, etc., in the United King- 
dom. It enables removal of early formwork. In tho construction of dams, whether built of 
stone or concrete, it will be greatly advantageous to use ‘Moderate heat’ cement instead of tho 
present ordinary cements. The manufacture of tho two types of (‘.ement mentioned above do 
not involve any elaborate deviation from the present methods and I arn sure the manufactures 
in India will readily agree to the production of these cements provided tlio necessity is pointed 
out to them. 

It may be noted that surhi or burnt brick ijowder was used as an admixture to cement by 
replacing 20% of the cement in the construction of Mettur Dam. Surki satisfies all the criteria 
for a good puzzolana, for cemont-«^rM'-sand mortar develops greater durability and impermeabi- 
lity, without loss of compressive strength, than cement-sand mortar only. 
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MALARIA AND ITS CONTROL 

By B. C. Das Gupta, Director of Health Services ^ West Bengal^ Calcutta, 
(Communicatod by Dr. A. C. Ukil, FN.I.) 

Summary 

A sliort historical review of the various stages of development of knowledge from the ancient 
to the moderr times regarding the clinical recognition, treatment, causal factors, drug admirxis- 
tration and methods of controlof malaria is given. Its main epidemics, geographical distribution, 
epidemic and endemic nature, seasonal and other periodic prevalence and mortality and mor- 
bidity have been mentioned. 

Three cardinal factors, viz.. Parasite, Transmission and Host Resistance, and several 
secondary factors in the causation of the disease have been described. In connection with the 
primary factorsthety|joe of malaria parasite and thtir cycles of development in mar and mosquito, 
reservoir of infection, types of the anophelino mosquito which transmit the disease with a short 
description of their bionomics, the reaction the man gives to infection and the assot'iatcd problem 
of lat(mcy and relapse have been touched upon. The secondary factors doscTibcd are: 

(a) Topography and climatological factors, viz. rainfall, humidity, temperature, subsoil water 
and winds; (6) Human element, viz., age, sex, race, literacy, economic and nutritional stage; 

(c) Human activities in the spread of malaria, viz: — > 

(i) migration, aggregation and dispersal; 

(ii) agriculture; 

(iii) man-made malaria; 

(d) natural catastrophies, viz., famine, flood, drought, storms and cyclones. 

Prevention and Control 

The importance of a malaria survey as an essential preliminary to the planning and organ- 
isation of control measures has been emphasised, Tlio practical control nn^asurcs have boon 
discussed imder four main heads: viz.: — 

(a) Measures directed against the parasite and reservoirs of infection. 

\b) Measures directed against the vector species. 

(c) Measures directed against man-made malaria. 

\d) Control of man and community. 

The measures discussed under (a) are: (1) clinical prophylaxis by various anti-malarial 
drugs, and (2) casual drug prophylaxis. i /ox .l- a n. 

A throe-pronged attack has been described under (6) viz. (1) anti-larval, (2) anti-adult 
and (3) protection from bites of mosquitoes. Among the anti -larval measures the uses and 
utilities of oil, paris-greon and DDT and tho value of the indirect mctliod of various drainage 
installations, filling and certain naturalistic methods, such as, altering tho flora of the breeding 
places, polluting, shading, introduction of natural enemies, etc., have boon discussed. In this 
connection the various hydro -teclmi cal measures in the management of w'^ater such as flooding 
and flushing, agitating, river-training, impounding, sweetening and freshening, saliriifying, 
intermittent drying, fluctuating and sluicing operations have also been mentioned. 

Tho anti-adult measures discussed are : (a) naturalistic, e.g. zooprojiliylaxis, etc. ; (6) mechani- 
cal, such as, jungle clearing, site-selecting, mosquito -proofing, us© of bell nets and chemiial repel- 
lants; (c) killing of adult mosquitoes by moans of pyrethrum extract and DDT spraying and thoir 
advantages in the modem anti-malaria operations. 

In regard to (c) the importance of anticipation and preplanning after a sxirvoy has been 
emphasised and certain lines of control suggested in specific cases. 

The measures mentioned under (d) are : ( 1 ) segregation of active cases and ganietocyto carriers ; 
(2) combating malnutrition; (3) educational measures; (4) legal measures; (5) raising of economic 
level, and (6) social considerations. 

Historical Evolution of the Knowledge of Malaria and its Control 

Malaria is contemporaneous with tho history of man and oven today is a single 
disease which directly and indirectly contributes the largest slxare of mortality in 
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many countries of the world. Yet it is one of the most important jirevontible diseases 
in the world. Through centuries man has been learning how to combat it, slowly 
revealing its secrets and devising methods of control. 

It is one of the oldest recorded disoiises recognised by the Hindu, Chinese and 
Chaldoiin texts written many many years before Clu'ist. 

Gallon who ])ractised in Romo (180-200 A.l>.) described the clinical symptoms. 
Thus Grei^ks and Romans wore the first to bo (convinced that there was a causative 
relationship of the intermittent fever with 8wamp>' terrain. Here was the beginning 
of malaria ejjidoraiology which led t o the adoption of drainage in ancient Greece 
and Rome as a measure against the disease. Unfortunately, for the next 1,500 
years there was no advancement made regarding the (*ause or therapy of this fever. 
In the 1 7th century began the search for a remedy and the exi)ort of Quina Quina 
bark as a substitute for the Peruvian bark as an adulterant marked the next milestone 
of j)rogress in regard to malaria control. Lancisi and Rixsoi in mid-18th century 
(‘onceived of a ])arasitic origin of malaris — the former even postulating that the 
intermittent fevers ol’ his time wore transmitted by insects. To Laveran in Algeria 
and Ross in India we owe the establishment of the hypothesis first x>rox)ounded by 
Sir Patric Manson in 1804. 

In the first quarter of the 20th century interesf in malaria mainly centred round 
malaria control measures. Remarkable advances have been made sinc’O, such as 
im]>roved f.ochui(|ue for studying experimental malaria, a dee])er understan<^ling of 
the biology of the malarial x)arasitos b^^ 8t exhens in 1032 and Knowles in 1038, 
Also the work of Fairley •iind his colleagues in 1047 and later by Shortt and others, 
has thrown now lights on the tissue x>hases of this x>arasito — the anoxhelono groups 
of mosquitoes idimtitiod, charted and the biojiomics of the Vector sx>ocios in different 
X)arts of* the world studied. The recent xnoof* of* the x>owor of* DDT in sx)ray killing 
adult mosquitoes offers fho first finamaally feasible metliod of controlling malaria 
ill much of the rural trox>ics where c.ost of auf i-larvai methods on such a vast scale is 
XJrohibitivo. 

I would now like to x)la(‘o before you certain facts and features of this disease 
without which it is not x^ossible to stress the control measures suggested later in this 
X)ax)er. 

Malaria has ax)X)oarod in the form of x>andemic8 and ox)idemics in various pt^’ts 
of the world since fho 1 6tli century. Of the major exhdemics in recent times, mention 
ma}^ he made of the Russian epidemic's of 1923-25, tlio great Ceylon ox>idomic of 1935, 
the groat Brazil epidemic of 1938 and the Egyx>tian ex^idemic of 1943. In India 
a devastating affecting the Punjab, the western x^irts of U.P. and Sind 

axipc^ared in 1938 and again in 1942, while the eastern xn'ovincos of India, namely, 
Assam, Bengal, Bihar, Orissa, x)arts of U.P. and C.P. were visited by a severe ©xiidemic 
in 1943 and 1944. 

Geograx)hical distribution of malaria can be divided broadly under two heads; 
the Endemic and Ex)idemio areas. The endemic areas generally involve regions 
between 45" north and 40° south slightly varying in dillerent cioiitinonts. Witliin 
this belt fall j)arts of Europe, Middle East, India, Ceylon, Far East, x^arts of Africa, 
North America, South America, Central America and x^arts of Australia. In India, 
the distribution of malaria varies: regions above 5,000 ft. (exeex^t Quetta), Eastern 
Bengal, north-eastern portion of Brahmaxmtra Valley in Assam and the narrow 
strix) of valley in the Madras Presidency are relatively free. In the rest of the country 
malaria is indigenous. The ox>idemic zones cover a large number of countries includ- 
ing Russia, Brazil, Egypt, North Asia, Iraq, Iran, the Punjab, Sind and western 
districts of U.P., Co 3 don and Southern CMna. 

Another feature of the disease is that it prevails periodically in the form of 
either long-term or short -term ej)] domic waves. The long-term j)oriodicity was 
noticed as far back as 5th century B.C. by Oelli who states that 6 big waves ran 
over Europe, some waves running over several centuries at a time. The short-term 
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waves may show almost a regular amplitude of 5, 6, 7 or 8 yearly periods depending 
generally upon the environmental set-up, and communal immunity. In Bengal, 
the 6-yearly characteristic is noted as against 8-yoarly periods in the Punjab. In 
the endeniic regions there is generally a short annual hightoning of im idcnce depend- 
ing upon warmth, humidity, rainfall and other associated factors which I’acilitate 
propagation of the vector. In India and other parts of the tro])ics the main malaria 
season is in Autumn with a subsidiary period in spring. This, however, is reversed 
in the foothill regions in southern and western India where the Spring instead of 
the Autumn is the main malaria season. 


Morbidity and Mortality 

As a cause of sickness malaria is the most important disease in nil the troj^ical 
and sub-tropical countries. The Makiria (\>mmission of the Lc^cgue of Nations 
estimated that nearly 650 million persons suffer from it ev(Ty yon,]* in the world, of 
wliich in India alone according to a conservative estimate 100 inillious siiffer in 
ordinary years. The disease is common to all ages and sexes, biit in endcunic are'is 
(diildren, beca-use of lack of resistance, both general and s]>ecific, suffer more. In 
ordinary ycuirs mortality does not exceed 1%, biii, during o}]idemi(*s mortality 
may ])o 10 to 12 times the ordinary figures. In India ncviTly 1 million ])ersons die 
every year and the rate of 8 per thousa.nd would not be an uni*(]as()n.al)le estimate 
(Sinton). 

Factors Oattsing Malaria 

An a])prcciat ion of fa,ctors causing malaria is necessary in order i o devise ways 
and means of control; — 


I. Primary factors 


(a) Parasites. 

(h) Reservoir of infection. — Man is the only reservoir of infection so far as the 
transmission of human malaria is concerned. Infected j)ersons showing gamotocjdes 
(sexual forms) in the blood are the only source from which infection Sj)reads. In 
endemic areas children and non-iinmune adults ])roduce gamoto(;ytes in largo numbers 
and they, tlioroforo, form the most potent source of infection. 

(c) The V'ect.or. — Human malaria is naturally transmitted through the bites 
of certain species of female anophelene mosquitoes because it is the females who 
require blood feed for reproduction or oviposit ion and because it is on\y^ in them 
that the sexual cycle of the development of the parasite takes j)]ace. Not all ano- 
phelones can carry malaria t hough there are about 200 species of them in the world. 
In India not more than 7 species have so far been incriminated as the main vectors 
of malaria . These are. 


(i) A. Culicifacies 


(ii) A. Minimus . . 

(iii) A. Fluviatilis 

(iv) A. Phillipenonsis 

(v) A. Sundaicus 

(vi) A. Stephensai 

(vii) Q, Superpictus 


Mainly resjionsible for malaria throughout 
India except Bengal, Assam, Baluchistan 
and foothill regions. 

Terra i and Dooars. 

Foothill regions of Nilgiris and Western 
Ghats. 

Deltaic Bengal. 

Coastal regions of Bengal, Orissa, northern 
parts of Madras up to Vizag. 

Cities like Bombay, Bangalore, Lucknow 
and Cutch. 

Baluchistan, N.W.F, Province, 
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A knowledge of the bionomics of anophelene mosquitoes is a necessary preliminary 
to adopting control measures. It is of considerable importance both in connection 
with epidemiological studios and in relation to control. Knowledge regarding 
the p]ac‘e and time of oviposition, factors controlling larval development and mating, 
feeding, flight and resting behaviour of adults together with other factors governing 
the reaction of the insect to the environmental changes should be acquired. 

The incidence of malaria in a locality depends upon 3 factors: — 

(1) Gamotocytes carrier. 

(2) Density of vector SY)ecie8. 

(3) Food habits of the mosquitoes. 

In order to control malaria, the number of anophelenos in a locality must be 
brought down below the critical density. The factors which determine this density 
are : — 

(i) temperature; 

(ii) humidity; 

(iii) nature, extent and nearness of breeding places to human habitation; 

(iv) available food supjdy to larvae and jmpao; 

(v) presonco or absence of natural enemies; 

(vi) proximity of shelter for adults on emergence; 

(vii) season of the year; and, 

(viii) extent of man-made interference. 

Malaria whether treated or not tends to bo self-limited. The ])rimary attack 
may be followed by a complete recovery or by a series of latent periods alternating 
witli relapses. The intervals become progressively long and rola])ses less acute 
until cure occurs or death ensues. Immunity in malaria is mainly acquired through 
long (contact with infection. 

IT. Secondary Factors 

(1) These are environmental, climatological factors such as rainfall, temperature 
and humidity, subsoil w'ater. One often sees a close relation bet ween ground water 
levels and endemic malaria with high spleen rates corresponding to areas of high 
subsoil Walter level ; for instanc^o the irrigation projects in the Punjab and Sind resulted 
in a higli water level and increased makaria. This point should, therefore, bo borne 
in mind wiiilo undertaking irrigation projects; but if the vector species is not a surface 
water breod(^r, a high water level has no elfoct whatever on malaria. Strangely 
enough, in deltaic Bengal, inverse correlation between high subsoil water and the 
incidence of malaria has been noticed. 

(2) Human activities in the spread of malaria — Migration, aggregation and 
dis})orsal. 

The migration of soldiers, labourers, pilgrims and others from malarious areas 
spread malaria. There is an old expression ' tropic^al aggregation of labour ’ describing 
conditions loading to local e])idemic of malaria commonly seen in large engineering 
projecits, largo labour concentrations as in Malaya and logging operations as in 
Burma. It is due to tlio intermingling of the susceptible poj)ulation with the local 
infected population who are comparatively immune. 

(3) Agricultural — Throughout the world and especially in the tropics malaria 
and agricultural practices are intimately related. Where the farmers practice archaic 
methods with 2)oorly planned irrigation, it is usual to find malaria greiitly intensified 
due to the breeding of vector species in the collection of water provided by farmers 
themselves. 

(4) Man-made Malaria — Activities leading to creation and increased facilities 
for breeding of malaria- carrying mosquitoes are: — 
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(i) Badly planned, constructed and maintained drainage; 

(ii) Obstruction to natural drainage by construction of roads, rail'^yays and 

canal embankments ; 

(iii) Creation of breeding places, such as borrow-j)it8 quarries, brick fields, 

tanks, fountains, ot(\ 

(iv) Bringing in an increased influx of water into an area without proper 

drainage. Introduction of large irrigation projects such as Sukkur 

Barrage, Mettiir Dam. 

(v) Domestic brooding — ^])lacos. 

(5) Natural catastrophies such as famine, floods, drought, storms, and cyclones. 

Survey Precedes Adoption oe Control Measures 

Before understanding and undertaking malaria control on a large scale one has 
1-0 make a thorough survey of the area to be dealt with. 

A malaria survey is an examination of the status of malaria in a community 
or area. It has got varied utilities : — 

(i) in planning practical control; 

(ii) to measure and record the })rogress and results of prevention ])rograinnie; 

(iii) to deraonstrato losses duo to malaria and gain from prevention; 

(iv) to assess the potentiality of malaria in an area whore big engineering 

schemes, e.g. railways, dam, irrigation projects, etc. are contemplated 

or whore an aggregat ion of labour population is expected. 

The survey may take the shape of a quick reconnaissance as in war condition 
or more or k^ss complete survey for the long range planning of control measures or 
it may bo a continued scientific study based on now exact measurements over a 
period long enough to reveal cyclic characteristics and otlier 6)pidemiological features 
of the disease. This survey is usually made (i) by collecting available records of 
past malarial conditions, rej^orts of doctors, travel diaries, official and non-official 
records, weather reports, report s of constructional projec’ts and history of migration 
and }>ilg7imago ; (ii) study of topography, contour, communication and approach, 
preparation of a map with possible details of natural and artific^ial breeding })lace8; 
(iii) study of socio-economic conditions; (iv) malariomatric studies by house-to-house 
visits, recording ])0])u]ation, age, sox, occuj>ation, etc., morbidity and mortality 
statistics, aggregate malaria index, ])arasit-o, haemoglobin and splenic indices, study 
of anophelin factor — ^tyqjos, density, distribution of larvae and adults, oocyst indices 
and the bionomics of vector species, source and nature of breeding i)laces, their flora 
and fauna. Finally, analy sis of the data collected is made and findings recorded. 

Having attended to this as an essential preliminary to scientific planning of 
malaria control, one proceeds to plan and organise control measures themselves. 

Control Measures 

The control measures may be divided into four main heads : — 

(i) Measures directed against the parasites and reservoirs of infection; 

(ii) Measures directed against the vecjtor species. 

(iii) Measures directed against man-made malaria. 

(iv) Control of man and community. 

Measures Directed Against Parasites and Beservoirs or Infection 

A — ^The attack on the parasite is best carried out by treating the malaria patients 
with drugs and using them for prophylactic purpose among people who have been 
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exposed or are likely to be exposed to infection. Treatment in the acute stage of 
the disease destroys the parasites and may thus prevent formation of gametocytes 
which i)lay an essential role in the transmission of the disease. 

Practical experience togeilior with modern experimentation has made it clear 
that no drug as yet markettod will, in safe doses, prevent 8j)()rozoites from taking 
root and developing in men. Malaria cannot yet be eradicated from a community 
by distribution of drugs and chemoproj)hylaxis oven though it may be of value 
under military conditions, is but of limited value in civil life whore only partial 
])rophylaxi8 or suppression of disease with some reduction in morbidity and mortality 
may be a(‘,hieved. 

B — ^What has ])rovod of greater value and wider aj)plication than drugs for 
treatment is the measure directed against the vector species. A threo-pronged 
attack is generally carried out: — 

(i) anti -larval; 

(ii) anti-adult; 

(iii) protect ion from bites — ^tlie last as a measure of personal protection. 

(i) Anii-larval Memnre.s — Tlie cost is high and it takes about six weeks to 
])roduco results. They can bo adopted in localities whore breeding places are not 
too extensive. Recourse has been made to agents whicli act as larvicidos: oil 
was the main agent used to kill aquatic stage of mosquitoes. Iloss was the first to 
suggest its use end domonstratod it first at 8erra Leone in 1809. Till .about 20 years 
.ago oiling was the main method cm]>loyed in India for malaria control. But oil is 
ih costly substance. Its transport especially to areas where malari.a is the biggosi; 
])rol)lem is costly and difficult. Its infl.ammability renders its storage difficult .and 
it. is liable to be misused and abused. Subsequently came Paris Green into the 
field and relief w.as felt that malaria control had become less difficult and loss ex})en- 
sive. But procurement and storage of a suitable diluent as .also its more frequent 
a])pli(‘ation than oil ])resented difficulties. In the case of both, weather conditions 
acted as a limiting factor besides objections to their a])plication in growing food 
crops were raised on the grounds of d.amago to crops. Above all came the supreme 
difiicult.y of locating and treating the numerous breeding places at shorter intervals 
than was ne(H>ssary with oil. The cost was also high and it limited its operations to 
urban and military requirements leaving the vast rural areas where malaria was the 
groidest scourge untouched on those counts. 

These difficulties have been sought to bo overcome by what are known 
as ‘ permanent measures’, which included (i) drainage, open and sub-soil, fillings, etc., 
to obviate tlio nc^od for repeated chemic.al treatment. Drainage, however, is not a 
panacea in mosquito control. It has its value when a suitable type is applied in 
proper situations. However, when suitable it can be .accomplished by the use of 
surface drains and ditches, vertical drains, pumps, tide gates, subsoil drains and 
other devices depending primarily upon vector species and their bionomics, and 
local factors such as topography contours, soil, wooded aro.a8, climate, rainfall as 
well as on material available and on agricultural and economic conditions. 

Filling is another method largely employed. Natural filling often occurs as a 
result of guiding or river training. 

Naturalistic methods are cheaper and more rational. Williamson tried them 
in M«alay Peninsula followed by Senior White in Joypore Hill, Russel and Jacob in 
Ennore near Madras, Hackot and Venkat Rao. These consist of (a) altering the 
flora of breeding places, e.g. Iyengar considers a complete and tight covering water 
hyacinth does not allow of breeding anophelenes; (6) in case of some vectors, exposing 
the water surface to sunlight or shade; (c) polluting water with herbage packing 
or with sewage and sullage. Other naturalistic methods consist of mechanical 
management of water by hydro technical means, such as flooding, silting, flushing, 
sluicing, agitating, sweetening and freshening, salinifying, intermittent drying, 
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fluctuating level of impounded water as proved by Ilackot in U.S.A., as also in Ton- 
nessey Valley. In certain countries ‘species sanitation’, a more economical method 
has been practised and found more useful than general anti-anopholene measures. 
It was tried by Watson in Malaya (in 1921), Senior White (1938) in India, Iyengar 
in Bengal (1944). It was found to be more economical also. 

The various methods mentioned above are anti -larval measures which are 
difficult to carry out, in many instances expensive, rocpiiring a good deal of work 
in the fields under trying conditions. Thus began the era of adult control. 

Adult Control — Evident enthusiasm was seen amongst malaria workers when 
malaria control was envisaged through the use of ])>n’etbnun which was also consi- 
dered cheaper and more effective than other methods omjdoyed hitherto. In anti- 
adiilt spraying with pyrethrum the spa-cing of the intervals should bo based on 
rational methods depending on the tro])isms of the ])articular vector species con- 
cerned. Here again is illustrated the (‘ardinal principle of malaria control, namely 
that there is no single royal road to success. The road to MakiTia Conirol varit^s 
with the vector and its bionomics. Some veciors s])end all but; a small j)art of each 
gonotro]iic cycle inside the house as against, others wiio spend but the shortest period 
and are thus not available inside the house for spray killing. The inTCfthrum age 
yielded to DlIT during World War IT, wiien effective malaria control lUculo all tlie 
differemee between victory and defeat. Anti-larval measures were found iisrdc'ss for 
})rotection of trooj)S in camps on the line of communications. Pyrethrum w'as 
found ineffective and an effective insecticide wdiich would lend itself to bo used at 
sufficiently long intervals so as not to cause more than minimum intorferoiu’e to 
other war activities was needed. DIIT having fulfilled both those conditions proved 
to be an ideal and popular insecticide. 

There is no doubt that DDT is a groat advanc^o over ol-hor insecticides and 
constitutes a landmark in the history of disemse control. Its it ility in long-range 
anti-malaria policies is, however, st ill under study aaid (*a7iriot yet be t aken as jwovod. 
Viswanathan and Biio tried it in large-scale operations in Bombay and observed 
similar reductions in the number of 1 lie vectors. Similar resuHs have been ro])orted 
from Kenya, Italy, Greece, Ethiopia and Venezuela. The value of DDT spray 
killing of adult mosquitoes is mainly due t o its residual killing effect wlien sprayed 
over snrfiicos upon which mosquitoes and flies alight for resting. The residual effect 
may last as long as three months dej)onding upon the st rongl h of the solution 8])rayod. 
It has no knock-down effect like tliat of ]nu*ethrum but has a killing offc^ct all the 
same, the maximum lethal effect being obtained with liighor strengt h of the solution 
— 100 mg. (DDT) per sq. ft. being more effective than 60 mg. doses. 

Viswanathan and Rao have shown by oxtonsivc^ and wide applica.tion of DDT 
in every house in several districts that there has been remarkable reduction in the 
incidence of malaria. Collateral with reduction of malaria they have observed 
considerable reduction in infixnt mortality, death rate from bowel diseases and 
incidence of plague. Wliat is even more spectacular is the saving of hundreds of 
thousands of men from the ravages of the disease thus improving cultivation and 
raising of crops and the economic gain obtained therefrom. DDT therefore has 
revolutionalised malaria control and to the Tropical Malariologist who was so far 
struggling with small-scale malaria projects^ — chiefly anti -larval — it has come as a 
boon in the form of an implement of ‘premises sanitation’. 

DDT spray has to be repeated after 6-8 weeks intervals depending on the vector 
prevailing in the locality. Throe sprays during the transmission season covering 
a total period of 5-6 months have been foimd sufficiently effective. With the first 
spray there is a remarkable reduction in the number of mosquitoes but usually 
they begin to re-appear in similar density by about 6 to 8 weeks. Hence the need 
of repeated spray. In this connection field experiments are in progress to compare 
the relative efficacy in malaria control of a single dose — 180 mgs. per sq. ft., two 
applications of 90 mgs. per sq. ft. or three applications of 60 mgs, each. The results 
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will place us in a better position for determining the optimum dosage and frequency 
of DDT a])plication in malaria control. This will also have a bearing on the cost 
of lal>our — one of the principal items of ex])enditure. In spii o of the obvious financial 
advarfi^igo of a single DDT spray, it has boon the experience of Viswanathan and 
Rao lliat nnilti})le smaller doses of DDT are to bo ])roforrod for many reasons — one 
of tlami being that they are loss likely to stimulate the emergence of resistant 
strains of anophelenes, the possibility of which has been already agitating the minds 
of malariologists. 

In addition to indoor DDT sj^raying which has now been accepted as the most 
effective single mo^isure of malaria control there are other measures on whi(;h muc^h 
reliance cannot l)o placed even as individual attempts at malaria control far less as a 
community measure. 

Control of Man-made Malaria 

Knowingly or unknowingly man, by his own action, has interfered with nature 
in many of the j)rojects apparently executed in his own interest and thus created 
malariogouic^ conditions. A few instances may bo cited as imperfectly construc-tod 
culverts, drainage systems, irrigation without counter -drainages, borrow-pits, casual 
siting of villages and. labour lines, all kinds of dam, canal, hydroelectric bridge, 
road and railway constructions, carried out without the slight est regard for mosquito 
j)rophylaxis, indiscriminate spac ing of jungles, construction of embankments on the 
river obstriniing natural drainage, flooding find flushing, causing malaria. 

It is not uncommon to find emjdoyers taking large labour forces into malarious 
areas for construction ])rojocts but making no ])rovision for combating malaria 
in 8])ito 0 ) 1 * t}i(» knowledge tiiat majiy sucii ])rojects had to Ix^ ai>and()ned owing to 
devast at.ion by m/ilaria. Malaria hazards have not infro^quently been created by the 
im[)Ouncling of waiter in reservoirs for ])ower, flood contTols or irrigrtion. Such 
]>r(>j(^,(ts in endemic areas require j)ro])or plans and continuous supervision if man- 
made malaria is to bo avoided. Tlio Tonnessey Valley Authorit ies in the southern 
St/a-tes of IT.S,.\. have provided good examples of how }nalariogonic conditions may 
be minimised by long-range ])lanning and operational water management. 


Control Mca>*^vres 

The best way to control malaria in these situations is toa,ntici])ate such happening 
before any ])roject is undertaken. All jwobabilities should receive consideration 
and a planruxl S(*hemo should form a ])art of the operation and a suit able and proper 
organisation should be j)rovided to carry out the measures. If there is one field 
whore the engineers and the medicjil officers could work in intimate (‘o-operation 
it is this field of control of man-made malaria. Control measures to be adopted 
are det-ermined according to the particular sit uation and at tendant circairastances. 
Certain broad principles to bo followed in this conno(ition are: — 

(1) For tro])ical aggregation of labour — ^jiroper siting of linos away from 

highly infected villages a.nd proper organisation for curative and 
preventive work should be provided. 

(2) Prevention of creation of borrow-pits, brickfields and (piarry pits. 

(3) Clearance of jungles — may have an adverse effect in regard to malaria. 

(4) Embankments across the lino of drainage can be allowed if provision is 

made for natural drainage. Sufficient number of culverts and bridges 
must be ])rovided. Damodar River Embankment is the cause of 
malaria in certain parts of West Bengal. 

(5) In the construction of rail roads and highways the borrow-pits created 

should be provided with proper drainage. 
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(6) In the construction of dams and Barrages care should be taken to avoid 

the occurrence of leaks, Beej)agos and overflow or if they occur, ensure 
their collection and drainage. Provision should be made for fluctuating 
the water-level at will. There should be arrangement for flushing or 
sluicing the channels. Even after the construciion work is over, a 
permanent anti-malaria organisation should bo maintained. 

(7) In the irrigation system particailarly in the intermittent kind, accumu- 

lation of water in low-lying areas and depressions should be prevented. 
A counter-drainage should bo ]irovidod in all irrigation systems. If 
water-logging ensues, subsoil drainage with pro])or out-fall will lower 
water sufficiently to prevent mosquito brooding. 

Control of men and community 

(1) Segregation and Quarantine . — Isolation and quarantine of gamotocyto 
carriers and segregation of healthy individuals away from the infected, are sound 
measures but not practicable except in a limit(Kl sense. It is, however, possible for 
newcomers to an endemic area to camp, bivouac or establish li ving (quarters as far 
from the native communities as ])ossible. 

(2) Combating malnutrition is one of the salutary community measures in 
malaria control. Famine conditions and low resistance caused by malnutrition 
predispose to malaria by increasing the relapse rate. 

(3) Educational Meamres . — Tlie training in princi])los and })ractice of personal 
and community health right throughout life would dov(lm> a basics ap])rociation of 
local conditions and y)roblcms in regard to the impa(d. ofina,laT*ia on a community 
and the scuontific and ec*onomic way of combating the evil. The second {i])proa(‘h 
is by means of healt.h propaganda. Attempts should bo made not to im])oso on 
the layman — rather one should aim at dovelojnng in the yioojylo a desire for those 
local changes in, or adaptation to environment, thn.t are necossar}^ t o prevent diseases 
like malaria. 

(4) Legal Measures — Sufficient legislative provision should be made im|) 0 sing 
ros])onsibilities on the people themselves whi(‘h when dis(*harg(^.d will hoi]) in keeping 
down the mosquito j^opulation. Health authorities sVioiild at the same time ])0 
})rovidod with adequate j)owors to take st-oj)S in circuinstam os which favour pro])a- 
gation of malaria in the community. 

(5) Social and Economic Considerations — Measures to control mal;iria are on 
the whole costly. The economi(^ level of either the individual family or of tlio State 
(both being inter-depemdent) has to bo sulfi(iently high for an organised effort to 
be of any value in the control of t his diso)ase. Becoiit experience shows that killing 
adult mosquitoes by DDT ])rove to be the least expensive and >'ot it may not be 
within the moans of the State or of the community to plan and execute wholesale 
operations throughout tlio country. 

In a country like India as at present it would be illogical to expect hiy organi- 
sations for mosquito control to function without frequent and substantial encourage- 
ment from the State. Mosquito control, like all human ofTorl s to mould the environ- 
ment, can be most successfully accomplished when technical skill backed b^^ proper 
authority, is fired with imagination, courage and enthusiasm. With such attributes 
wo will one day certainly outwit mosquitoes. 

In malaria control connefted with engineering undertakings of the magnitude 
of multi-purpose river projects, there are three fundamental essentials which need 
bo stressed from the view-point of administration. Alongside the engineering 
division, there should be provision for a largo and adequate malaria organisation 
covering the whole area of operation. ‘Persistence and not perfection’ is the aim 
and therefore retention of the organisation even after the construction work is oyer, 
is imperative. Thirdly, the appreciation of the fact that the engineering and medical 
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services are each but a department of the vast enterprise and that they should work 
in harmony with each other so as to ensure fullest co-operation. Without this, 
little will he accomplished, for many of the projects, be they Health or Engineering, 
may bo spoi led by resistance or resentment if Uie approach of either i s wrong. Results 
are best obtained only by close co- operation and common understanding of each 
department’s plans and problems. 


Discussion 

Mr. M. B. Kamaoixandra Kao. — Just twenty years ago I had been working as a Geologist 
attached to the Soil Suiwey Parties in the Irwin Canal area connected with the Krishnaraja Sa-gara 
Project in Mysore. During that period while the canal was yet being aligned, I could see that 
tliere was little malaria in those parts. Of course, in a few of the villages situated close to the 
tanks, malaria was prevalent; but tlien the authorities had taken care to get regular malarial 
surveys carried out. Also, with tV>e collaboration of Engineers and Health Experts — some of 
whom were conuficted with the Kockefoller Foundation — co-ordinated plans had been for- 
mulated for control of malaria. As far as I understood, the plans were to keep a dry belt 
around each village site and to rotate wet and dry crops by a Block System of distribution 
of water in the whole tract. A few years later when I visited the area, the irrigation had brought 
in prosperity to tho people, but the distressing feature was that malaria was raging ovorywhero. 
Most of the plans, in so far as malaria (control was concerned, must have remained on paper or 
at least did not appear to have been implemented satisfaetojily. Tho Government were faced 
with a serious problem. Tho speaker is t herefore inelined to think that drawing up co-ordinated 
plans ar<^ not sulTicient and that (consideration should also ho given to provide effecl-ive measures 
needed to keep certain aspects of t-lio plans from going wrong in actual working. 

Dr. B. C. Das Gupta wound up the di.seussion on his paper by empliasising the need for 
proper health surveys in relation to tho topography and so(*ial features of tlio population when 
undertaking multi -purpose riyor-training projects. He also stressed tho need for constant watch- 
fulness and study of the position during and after the exocut ion of tho plans. 

In the discussion which ensued, M<\ssrs. Ivanwar Sain and M. B. Kamat^handra Kao and Drs. 
J. C. Kay, XJ. C. Ukil and K. L. liao took part. Drs. A. C. Ukil and J. C. Kay sought for more 
information on the ofToct on health of the construction of multi-purposi' dairjs. Dr. K. L. Kao 
stated that experience, based on survey and control measures, at the Mettur Dam indicated 
improvement of tho health status of the population conoomed. Dr.M. B. Ramachandra Kao 
stressed on the offec^ti ve enforcement of control measures for snccoss. Mr. ICanwar Sain advocated 
birth control measures in the control of population for ensuring a hygienic standard of living. 



REHABILITATION IN THE DAMODAR VALLEY 


By K. 8. V. Raman, I.C.S., Director of ReJiahilitation and Development^ 
Damodar Valley Corporation ^ Hazarihagh. 

(Communicated by Dr. B. C. Gulia, F.N.I.) 

Summary 


Approxiinatoly about 60,000 people will bo diaplat-ed and about 60,000 acres of cultivated 
land will bo submorged wlion all the projects of the Damodar Valley Corpt)ration scheme are 
completed. Displacfunent of people will be by stages as each project matures and the resettle- 
ment will keep pace with the construction schedule. 

A detailed census has been completed of the population, age groups, literacy data, income 
of the family in foodgrains and in cash, debts, and the number of bread wirmcrs and the nature 
of main and subsidiary occupations of tlie people in 79 villages covfu’ing 3,970 families that are 
likely to be affected. The ground jjlans with detailed specifications of 3,377 houses have been 
drawn up and an authentic record of rural housing in this area obtained w hich discloses sevc^ral 
points of interest. Type designs for bettei housing have been evolved using locally available 
materials, and a beginning has been made with the first village at Bacliliai in the Ifazaribagh 
district. Villages are being planned scientifically with necessary forest and pasture. Waste 
land is being reclaimed on somid principles of soil-conservation. Communal benefits such as 
olootri(5ity, drinking water supply, s<^hools and facilities, will bo provided. Steps are being taken 
to introduce a co-operafcivo way of better living suited to the needs of the people and likely to bo 
acceptable to them. 


Tlio DamocLar Valloy Schomo contemplates construction ol’ eight dams. The 
reservoirs will submerge about 60,000 acres of cultivated land and displace approxi- 
mately 60,000 pooijlo from their liouses. The j)roblem is to find out Jis far as possible 
other lands of equal productivity and suitable houses for them to live in. Unlike 
the case of refugees from Pakist an the displacement here is pro])lanned and by stages 
as each reservoir fills. Also, the x^opulation is predominantly agricultural. The 
agricultural and economic well-being of the people of the valleys being one of the 
objectives ])ros(Tibed for the Damodar Valley Corporation a bettor way of living 
has to be j)laimod for the displaced 2 )ooplo. 

A census has been undertaken of the areas likely to be submerged to got 
an authentic picture of the life of the x)eople at j>resont in its essentials. Data re- 
garding the })ox)ulation, major and secondary j)rofo88ions, literacy, incomes in food- 
grains and cash, debts, number of cattle owned and their provisional option in the 
matter of compensation, i.o. whether in money or house for house and land for land 
have been obtained. The ground plan and 8i)ecification of every^ house have been 
drawn up in graj)h books. The census has been comx>letod so fiir for 3,970 families 
living in 3,377 houses in the submerged areas of the Tilaiya, Konar and Maithon 
reservoirs and in the area required for the Bokaro Thermal Plant. Those figures 
have boon shown in tho form of village averages in the graphs attached. The figures 
of income and debt are not as reliable as the rest. 

Villages whose houses and lands are likely^ to be totally submerged are 
expected to shift out wholly ; for this group entirely new villages have to be planned 
out with lands. Where only a few houses are submerged and a good bit of the land 
remains free, tho peoj)le would x>rofer to stay on and shift the affected houses a little 
higher up. In such cases attempts are being made to locate suitable waste lands 
as near as possible and take up what is called island reclamation as distinguished 
from colonies. For the purpose of planning it is assumed that 70% of the former 
class would require lands and houses and in the latter case 100% of the land would 

VOL. XVI — No. 6 (November-Deoember), 1960. 



666 


K. S. V. RAMAN: BEHABELITATION IN THE DAMODAR VAIXEY 


he taken. The rest will prefer to take the money in cash and make their own arrange- 
ment. 

Selection of land for rehabilitation colonies is going on and in the case of 
Tilaiya, the first reservoir, has been completed. Waste land has to be selected, obvi- 
ously. Agriculture in this hilly terrain is backward and on account of poor lands, 
low rents, absence of iriigation and a comparatively large amount of forest, extensive 
cultivation is the rule. With the result that most of the lands worth cultivating 
easily have been cultivated and what is left is poor soil or is badly eroded and requires 
heavy reclamation. The selected land has to bo noiir the original houses. Long 
shifts are not liked. Certain villages where waste land is available have a bad repu- 
tation — possibly that is why waste lands are available there — and are not accej)table. 
A shift southward is considered inau8pi(-ious. 

Pending laud acquisition quick possession of the land is taken under the Bihar 
Waste I^tnds Reclamation Act over a fairly wide area. A detailed soil survey is 
made and a land-oa.pability map indicating degrees of soil erosion is first drawn up 
and then a detailed land-use map is made out, fixing the areas to bo put under paddy, 
upland cultivation, ponds and ahars, forests and pasture. The total area of culti- 
vable land being fixed a (central high area is selected for the village site and the 
number of houses is determined by the (‘ultivablo area available — the average holding 
being about 5 acres. Reclamation of land on sound principles of soil and water 
conservation with its contour terraces and calculated run-oils is being done entirely 
mechanically. The soils have been analyst^d and after reclamation the first crop 
w'ith the nec essary manuring — both chemical and grecji manuring — is grown to bring 
the lands under ])ropor cultivation. All this work is done by the department of Soil- 
Conservation of the C.^orporation. 

The village la;\'out is on the contours and adequate road and open spaces 
are alkm^ed. Houses are ])ut up separately with a bari of 50' X 100'. The majority 
ol'the existing hcjusos are separate and enc losed in their own bari. Trees useful and 
decorative arc^ planted along the roads and as wind breaks. In each bari it is pro- 
posed to put in a vegetable tree? — Kathal or Sajina and a couple of fruit trees fruiting 
at dilferent times of the year, e.g., mango, guava — besides a few papayas. All the 
plaTits iiro grown in a central nursery a.t Hazaribagh. Tlie neighbourhood order 
of the old village is kept up as far as possible. An adequate number of pucca 
wells are i)ut in for drinking water 8U])ply. And when electricity comes in it is 
pro])osed to have an ovorhcwid tank and taj)s near the well and enclosed sj^aces for 
batliiug and washing. As })art of roedamation small ponds are dug out and those 
near t he village should servo for the cattle and fish will be roared in them. A com- 
munity centre is being provided in each village. 

An examination of housing has indicated several j^oints of interest. The 
plint h area of accommodation i)or person comes to as high a figure as 140 sq. feet ; 
and 0-6 to 0*7 of a room is available per person. Tlxore is certainly plenty of elbow 
room. The rooms are largo having an average area of about 200 sq. ft. The walls 
are built of puddlcHl earth. As the Sal ballah is the universal rafter the breadth 
of the room is automat ic'ally limited to lO'-J 5' but the length is considerable. Several 
small rooms for dilierent purposes do not suit the agriculturist. This high standard 
is uniformly maintained throughout the areas surveyed as the relevant graphs will 
show. Windows are few and in the inner walls often a door gap is provided. From 
a sample survey the area of ventilation in the form of doors, windows, under gaps 
etc. c?omes to hardly 5% of the floor area which is a very low figure. The roof is of 
Sal ballahs w ith bamboos and naria or country tiles in the areas covered by the 
Tilaiya and the Koruxr reservoirs and in Maithon straw takes the place of the tile. 
The roof is by no means airtight . What is lacking is only cross ventilation. Lighting, 
however, is poor and some of the iimer rooms are dark in the middle of a summer 
day which is not good. One typical fexiture throughout is the provision of lofts. 
Sal ballahs are built into the wall the spacings varying, to form a loft between 
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6' to 6' liigh on which is placed most of the articles of the resident. Nearly J to J 
the total area of the house is provided with lofts and this proportion has to be pro- 
vided in our houses. 

In planning and building the house the aim has been to put up a house 
which in its layout will be acceptable to the peoj^lo, is made of building materials 
locally available, and constitutes a significant advance in housing so that if it is 
copied by the neighbouring areas it will raise the standai d of housing which is one 
of the important factors affecting the standard of living. Qdie agriculturist is house 
proud and unlike the industrial worker mainUiins a mud house in good condition. 
The main changes will be, apart from better specifications in buildings, to provide as 
many windows as will be acceptable to the people from the point of view of privacy 
and security, niches in walls and shelves to keep things off the floor, a sepa.rato 
kitchen and verandahs with seats in the front and the back. The sizes of existing 
houses vary from 200 sq. ft. to 3,000 sq. ft. Three t 3 q)(‘.s have been drawn up of 
about seven hundi'od, nine hundred and a thousand sq. ft. and these will bo given 
to the large majority. A few extra sizes will have to bo given to the owners of 
very largo houses but it is proposed to fit in the rest in these types and any adjust- 
ment either way in the valuation of the housing and the bari will be adjusted against 
the land to be given. Type plans of the new houses are attached. 

Soil blocks stabilised with cement, cement hollow blocks and pucca bricks 
were given up as building materials as they proved expensive. Rammed eartli 
building is slow. Temperature variations are from 40'^ to 110^ F. in those areas and 
more tluin lialf the amiual rainfall of 50 " falls in the three monsoon months and 
storms with a speed of 60 miles per hour are not uncommon. The final selection 
has been to build the walls with sundried bricks with 6 layers (3 below and 3 above 
ground) of pucca bricks with mud mortar at the bottom and 2 layers of 2 )ucca bricks 
with cement mortar at the top of the walls. The outer covering of the earth wall 
has been a problem. Cement wash, thick and thin, mud plaster, ])lasters of cowdung 
mud and cut straw, cement and sand 1 ; 8, and gunnited mixtures of sand and soil, 
and cement and sand in dilferent proportions have been tried. Some oi' those have 
been tluough a summer and a ver^^ wet and earlj^ monsoon. The best seems to bo 
gunnited cement in a proportion of 1:6 cement: sand, thick, and this is being 
adopted for the rest of the housing. The preliminaiy costing comes to just under 
four annas a square foot. Hie doors and windows iire ol’ 8aJ wood and the rafters 
also of Sal ballahs. Hus timber is locally available, but is fairly easily afl’ected by 
borers and white ants and coal tarring by brush has not proved effective. The 
question of ASCII treatment is under consideration. Naria tiles are locally made 
and bamboos are available from forests and they complete the list of building 
materials used. 

The lands and houses form only the basis of a better way of living but the 
major part of the greater well-being has to come from the people. The main linos 
on wliich improvement is necessary are clear. Over 70% are primarily agricul- 
turists; agriculture will remain the main profession and supplementary industries 
to be introduced must fit in with that. Bamboo, Agave and Sabai grass will be 
grown in the forests and cottage industries based on these can be developed. As 
far as agii culture is (;oncerned the main task will bo to imjuovo the output and to 
introduce double cropping. Contour terracing has substantially incrcwised water 
retention; last winter was particularly dry and a good (uop of wheat was harvested 
on an upland field contour terraced and contour ploughed. AJuir or percolation 
bands are introduced systematically in reclamation. Minor dams c;a])able of irri- 
gating 100-300 acres are being built where suitable sites offer. Pumped irrigation 
from the main reservoirs is a possibility when they fill ; but the rolling terrain imposes 
severe limitaiions and puts the cost of any kind of irrigation. Introduction of 
green manuring and artificial manure is urgent ; this is being done in fii-st cropping 
newly reclaimed fields and it is encouraging to note that neighbouring cultivators — 
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after seeing results — are buying small quantities of nitrogenous and phosphatio 
manuroH from us. Multiplication of good seeds obtained from the State Government’s 
Dej)artmont of Agriculture, introduction of a second crop including vegetables, and 
better agricultural practices will be shown in the demonstration farms located near 
each colony of rehabilitation and in due course it is hoped to demonstrate better 
agriculture on farmers’ lands with their help. The average size of each reclaimed 
fields come to over an acre against 0-10 acres in a typical village. A big gain in the 
initial allotment of such large fields has to be protected from sub-division into frag- 
ments. The contour terraces have to be maintained and saved from encroachment. 

Including goats and sheep, the cattle population equals the human. The 
cow here is jjarticularly diminutive and used only for producing equally undersized 
bullocks and farm -yard manure. It lives on capital by overgrazing the forests 
and open areas and com})ote8 successfully^ against better grade animals. Artificial 
insemination accompanied by extensive castration of scrub bulls, development of 
rotatioiRil pasture and protection of forest are necessary^ In the Tilaiya area, 
Bihar State have agreed to start an artificial insemination centre and experiments 
are being made with new grasses as well as ditch feru ing and live fencing with Agave 
and Inga dulcies. If those fences are successful, and what is more, the psychology 
of fenc'ed rotational ]msture can be introduced, it would constitute a significant 
advance in rural economy. Quick fuel producing spotfies are being tried out in the 
forest. Kural elocitrification is new to this area and will be tried out. 

In the management of land, the co-operative way^ is obviously^ the best 
but is little known and less liked. Joint farming is altogether unknown. Co-opera- 
tion cannot bo forced. The Corporation may liavc) to run c*ommunal institutions 
depart ment/ally and slowly absorb the loading villagers into the management with 
a view to finally handing ovoi’ the job to them unlc*ss the dis])lated ])oo])le agree to 
co-o])orativo farming or at least co-operative management of institutions other 
than land from the outset. A scheme is being worked out for the Tilaiya colonies 
and will be put to them. 





ECONOMIC SIGNIFICANCE OF THE MULTI-PURPOSE APPROACH 


By S. N. Moztjmdab, Chairman, Damodar Valley Corporation 

The symposium has brought together a wealth of thought on the various aspects 
of multi-purpose river development projects. I shall confine myself to a few broad 
remarks, bearing on the more important economic implications of the multi-purpose 
approach. 

Not long ago dam projects were aJmost completely single-purpose. Where 
the same project served more than one purpose, this usually hapjjoned more by 
chance than by conscious design. In recent years three things have combined to 
push the concept of multi-purpose project to the forefront: A new resourct — con- 
sciousness among tho Government and the public, as a result of which the need for 
getting the utmost from water and other resources is becoming increasingly clear; 
progress in engineering and allied sciences, which has revolutionised the technique 
of dam construction ; and the practical demonstration given by the TVA of how much 
can be achieved for increasing wealth and welfare through a comprehensive system- 
atic application of the multi-purj)ose approach to an entire river basin. 

The fundamentals of a sound water policy wore perhaps best set forth in the 
U.S.A. by the Water Committee of the National Resources Committee during Presi- 
dent Roosevelt’s Government. These fundamentals would boar repetition in as 
much as they touch the very core of a rational water policy, whether in the U.S.A. or 
elsewhere. 

1 . Water control is not an end in itself but only a means for the promotion of 
social welfare. Without a conscious pursuit of this goal no expenditure to control 
the behaviour of water would be jTistified. 

2. Wherever feasible, progress must bo through multi-purpose projects. That 
is to say, every project must be So planned and constructed as to yield every possible 
benefit. Not to promote the maximum integrated control and use of water is ‘to 
invite waste of j)otontial wealth and so is incomijatiblo with the public interest 

The entire drainage basin of a river system should, as a rule, be treated as 
fhe unit area of operation. For ‘a chain of connected problems extends from the 
source c f each tributary to the mouth of the main river. ’ It follows that the optimum 
overall results can be achieved only through a well-integrated programme comprising 
all the problems of an entire drainage basin. 

4. Co-operation between the Federal Centre and the States is essential in the 
management both of intrastate and interstate streams, ‘Many States have appeared 
to be highly, and properly, sensitive to their rights, but correspondingly insensitive 
to their responsibilities;’ it must, however, be clearly recognised that ‘eventually 
authority over streams necessarily goes hand in hand with responsibility for them. * 

6. Study of facts must be regarded as an essential pre-requisite to sound action. 
Flans for the development of large river systems must be invariably based on a 
most careful study of adequate data covering every aspect of the problems involved, 
and never on mere opinions, no matter how widely held. 

6. In judging the economic soxmdness of projects not only specific, but also 
all general and potential benefits must be taken into consideration. ‘Social account- 
ing should take its place with economic accounting.* 

These principles found their first wide application in the Tennessee Valley. 
The results of this are known to us all, at least in their broad contours. A few years 
ago, Lilienthal gave us a vivid account about what he called the people’s dividend 
from the Federal investments in the TVA. The figures then given by him would, 
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of eoxirse, need Bome adjustments now. But his main eoncluBions would hold good 
today at least equally, if not with greater force. According to the estimate given 
by Lilienthal the surplus revenue from power would be enough to repay the entire 
capital within 30 years, so that by 1974, the whole capital would be fully paid back 
and yet assets valued at $460 millions would be left intact since depreciation is 
(currently charged against rate-payers while the Federal exchequer would continue 
to receive a large income from this ‘paid-out’ investment. Even if a 2 per cent 
interest were charged on the capital invested for power development, the entire capital 
(‘ould bo retired in 60 years after making adequate provision for maintenance and 
replacement of luoporty. If the interest charged were 2 J per cent, the same position 
would be reached in 80 years. Lastly, if the entire investment for power, navigation 
and flood control were charged exclusively against power, oven then the capital 
could be retired in less than 60 years with the revenues from electricity. 

There are, of course, other gains which should enter on the credit side of TVA’s 
balance-sheet. The Tennessee, which was not long ago an annual threat, is now the 
best controlled river in the world. Huge annual losses have thus been avoided. 
Traffic moved on the river has increased by leaps and bounds. Fish cultivation 
has received a groat stimulus. The liberal provision of recreational facilities is 
attracting a stream of visitors every year. On the agricultural side, the greatest 
achievement has been the control of soil erosion. Large areas of badly eroded land 
have been revitalised. Output of small grains has increased apj)reciably ; the volume 
of (jorn output lias remained constant, but, owing to the higher acre-yield, it now 
takes up a muc h smaller area; i)rodiiction of hay has increased by 33 per cent. On 
the demonstration farms, as a result of the new farming method, the rate of increase is 
throe times higher. Under new farming the same acreage with the same man- 
power now produces 30 to 60 per cent more meat, eggs, milk and dairy products. 
In addition, the grazing season is now longer, the grass is more nutritious, the corn 
grown has improved in quality and the same acreage now supports more animals. 
The supply of cheap and abundant electricity has resulted in the rapid growth of a 
host of industries in the region ranging from food, fibres, timber products, metals, 
chemicals, to the large-sc^ale production, especially since the outbreak of the last 
war, of aeroplanes, explosives, incendiary bombs, etc. As a result of this all-round 
development the per capita income in the valley has risen by a higher margin than 
in the country as a whole. 

The TV A ajjproach has been frankly ai)pliod to the Damodar Valley. The 
Damodar Scheme has been drawn up so as to cover the entire river system from 
its source to its mouth and to extract the utmost possible benefit out of its water 
resources. I’he main features of this scheme are well-known to you, as also the major 
benefits oxjiocted out of it, Vou also know that Mr. Voorduin estimated the cost 
of the Damodar Scheme at Rs. 55 crores. Incidentally, his tentative analysis showed 
that the three major benefits — ^flood control, irrigation and power, as envisaged in 
the Scheme — ^would liave called for 50 per cent more capital outlay, if they were to 
be covered through single- purpose structures. This, in other words, is the measure 
of the saving in capital cost directly resulting from the application of the multi- 
purpose approach. 

What will be the ultimate cost of the Damodar project ? The question has 
been raised over and over again during the last few years. It is only natural that 
the Govorumont and the x^ublio would like to know how much money is involved 
in the project. We too would indeed like to know the figure I But can we ? As 
scientists, you would kno wbetter than myself what difficulties are involved in givii^ 
a firm cost estimate for a multi-purpose project covering eight dams, ten hydroelectric 
stations, a large steam power station, one iriigation barrage, about 1,600 miles of 
irrigation canals and distributaries and about 600 route miles of transmission lines, 
the completion of which will necessarily run into several years. Broadly speaking, 
four factors imj^inge on the question of cost. 
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1 . Designs and estimates of quantities ; 

2. Method of construction; 

3. The element of time; and 

4. Price movements at home and abroad. 

Firm designs and estimates of quantities are, of course, the basis of dependable 
estimates of project costs. A good deal of surveys, investigations including founda- 
tion exploration and planning must, however, be carried out before actual design 
work can be undertaken The production of drawings itself is a laborious and time- 
consuming task. Only after designs have been finalised, the quantities involved 
can be estimated. Even then no designs and estimates of ciuantities can be one 
hundred per cent firm They may and do vary as construction goes on. Above 
all, foundations may throw u]) last-minute surprises affecting quantities and c ost. 

The scope for mechanised construction work has considerably widened in the 
country (is a result of the rise in prices and wages since pro-wn.r days How far 
the mechanised method can be adcmted even when it promises to be (Hn)nomical 
will however depend on the availabilfty of the necessary equipment and of the techni- 
cal personnel for ojierating the equipment including its repair and maintenance') 
and also for training up Indian personnel. 

The importance of the time factor has not always ro(*eived the emphasis it 
deserves in this context. In the case of the DVC the bearing of time on cost is all 
the more important because we are charged per cent interest })er annum on the 
money from the da}^ it is advanced to us It is well-known that overheads in a 
construction organisation are heavy. Unless an attempt is made to carry out the 
project at a reasonable pace overheads and interest charges will pile up and add on 
to the cost. Yet, we are unfortunately not in a position to draw up and adliore to 
a firm construction schedule because, ajiart from other things, wo do not know 
where wo stand with our funds. The time-table may bo and, as a matter of fact, 
has been, upset owing to unforeseen fluctuations in the flow of funds 

Prices, both at home and abroad, are in a state of flux. Last year for a little 
while, world prices showed a downward tendency. The dip did not, however, last 
long. In India, the devaluation gave a fresh spur to prices of key commodities 
Today owing to the war scare inflationary forces seem 1 o be gathering now momentum 
In normal conditions it should take six to seven years to complete the Damodar 
project. But who can hazard a forecast about the behaviour of internal and external 
prices over this period? J certainly do not claim any such prophetic qualification. 

Let us again look at the TVA. In 17 years it has built about 20 dams. Some 
more are under construction. Others are being planned. During these 17 years 
prices have climbed from the low level of the depression years to a record peak . What 
would have happened to the TVA if, before undertaking construction, it were required 
to come up with a complete estimate of cost for the entire project ? The answer is 
not far to seek. An insistence on meticulous cost estimates would have hold up 
progress indefinitely and the country would have been nowhere nea.r reaping the 
benefits which we have outlined before. 

Does this mean that we have no other choice than to take a financial lea}) in the 
dark ? Luckily, the position is not that bad. All that I am suggesting is that our 
approach to the question of cost estimates, as related to basin- wide development 
schemes like the Damodar Scheme, must be less rigid and conventional because of 
the complexities inherent in the problem itself. To ask for firm estimates of cost 
for the entire scheme is, in such a case, to ask practically for the impossible We 
can, however, ask for, but must also be satisfied with, reasonable forecasts both of 
ultimate costs and financial results. In other words, we must carry out essential 
preliminary surveys and investigations; draw up project plans based on the best 
possible engineering judgment about cost; prepare both financial and economic 
analysis of the project including a general assessment of its revenue-earning and 
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wealth-creating potentialities; and if the analysis shows that the project deserves 
high priority in the nation’s overall programme of development, go ahead with its 
execution, but exercise at every step the utmost vigilance so as to carry it through 
a.t minimum cost and within optimum time. 

This is exactly what has happened in the case of the Bamodar Scheme. Mr. 
Voorduin’s estimates of R8.55 crores was frankly based partly on engineering facts 
and partly on engineering judgment, as is inevitable in such cases. There is little 
doubt today that if this figure happens to be out by a substantial margin, this would 
be due primarily to the movement of prices. Supposing inflationary forces boost up 
prices in India and abroad, what would Iiappon to the economics of the Project ? 
liOt mo hasten to add that rise in cost due to a general rise in prices is most unlikely 
to have an adverse effect on the economic soundness of the Scheme. For, if prices 
go up, so will the money value of the 200,000 tons of extra food, 700,000,000 kwh, 
of energy, the flood damages prevented by the Projocd; and various other ancillary 
benefits which the Bamodar Scheme will yield. In fact, given a general rise in prices 
the economic balance-sheet may even im])rove rather than worsen. For example, 
this will bo the (;ase if food prices rise, as may well bo, by a wider margin than other 
]> rices. 

M(jan while, tliere are several reasons which should reassure us about the ]ieo})lo's 
dividend from the public investment in the Bamodar Rcluune:— 

1 , Though the number of dams is large — eight in all — ^they are small and 

medium-sized. Tn fact all the <ught dams taken together flo not oven 
add up to some of* the bigger dam projects now before the country. 
The individual dams in the Bamodar Valley can bo completed within 
a (comparatively short- time. As each dam is finished, it will begin to 
yield the bcmofits. The w^M-iting period botwocm investing the money 
and realising the benefits wdll, therefore, bo short. 

2. There is a ready market for power in the Valley and its neighbourhood. 

In fact, the problem is how soon we can ]>roduco ])OWor to meet the 
existing demand. Thi^re is also a canal system already in existence 
in the Lower Valley which (could liSC; the water from Tilaiya and Konar 
as soon as they are rcwidy. Because of this the lag between the com- 
pletion of a dam and the productive utilisation of the water will be 
almost nil. 

7’he Bamodar is a small river, but it has a high (caxxacity for flrxxl damage, 
because of the cayutal already invested in the area, the high quality 
of agricultural land, main arteries of rail and road communication 
running through the valley and the ])roximity to the Port of Calcutta. 
Bamagos caused by Bamodar floods in the past are among tiie highest 
on rec(3rd in this country. It follows that the money value of the 
flood control benefit will l>o corresj)ondingly high. 

4. The seasonal hydro can be more easily firmed up wdth steam power in 

this coal vallo.y than almost anywhere else in India. This will make it 
possible to taj^ fully the large proportion of seasonal water power. 

5. ’file Lower Bamodar Valley consists of fertile alluvial soil which is capable 

of a far higher level of agricultural activity. At present the vagaries 
of the monsoon frequently damage the rain-fed paddy crop grown 
over most of the area, while the land lies idle during the dry weathei* 
for want of irrigation. More crops and larger output per acre could 
go a long wiiy to moot the growing food shortage in Calcutta and 
West Bengal. 

6. The traffic density botw'een Calcutta and the valley is among the highest 

in India. Water transport and railroad electrification would be both 
welcome and economically justified. 



S. N. MOZITMDAR: economic significance of the MTJI.TI- purpose approach 575 


7. The mineral wcivlth of India is largely concentrated in the Damodar 

Valley with the re.-ult that its industrial potential is unusuall};^ high. 
Since coal and iron and steel are the basis of industrial progress, what 
happens to the Damodar Valley area will continue to deteimine largely 
the future pacjo of our industrial progress. 

8. To this should be added other benetits like assured supply of water for 

industrial and domestic use in the Valley where many localities suffer 
from an acute shortage of water for several months in the year, large 
possibilities for fish culture, control of malaria ospecialJj^ in the Lower 
Valley and recreational facilities around the lakes, which will be 
available to the mining and industrial population. 

Should we defer these benefits in an attempt to j^repare meticulously correct 
cost estimate, when wo know that even the most carefully piepared estimates based 
on firm designs and quantities (;ould be largely vitiated by price movements and 
oilier factors ? To put the question is, I believe, to answer it. 

Before conciluding ma}^ I invito yom* attention to thi'eo elementary facts about 
our economic life : 

1 . India is an old (country with a large population which is growing at the 

rate of almost 1 per cent 2)er year. Largo as are our natural resources, 
their ratio to our population is small. We must, therefore, use our 
resources with the utmost care so as to got the maximum wealth out 
of them. 

2, Our rainfall is largely (;oncentrated in throe months of the year. This 

moans that, unless we are able to store the water to u very large extent 
and S])read it over the whole year, the land will continue to go dry 
after the monsoon and will refuse to gr ow^ the food wo sorely need for 
this large and growing population. 

'b Our coal is concentratod overwhelmingly in one single pocket of this 
vast country. In most parts of the cour.try wo must, therefore, get 
our power from w'ator and not from coal for the simj)]o ro^ison that it is 
too far away. 

If we put together these throe simple facts, multi-purpose river development 
for flood control, irrigation, power and water transport becomes the first axiom of 
our economic life. Such development, if accompanied by every effort to salvage 
every j)ossiblo benefit, holds out the best possible ho])e to attain a reasonable living 
standard for our people. 


Discussion 

Dr. K. L. Rao. — The author 19 to be congratulated on the excellent and clear cut exposition 
of economics of Damodar Valley Project. Everyone should agree with the principle that if a 
scheme is proved to be beneficial and productive of groat gains, the sole aim must be to bring to 
fruition the scheme. 

I would like to point out the groat prosperity that the nation would derive by developing 
Krishna and Godavari river projects. These rivers carry annually 44 and 82 million acre*ft. 
compared with 10 million acro-ft. of Damodar. There are excellent dam sites on Krishna and 
Godavari and vast uncultivated lands that can bo bro\ig]it into cultivation. Any scheme on 
those rivers would prove immediately beneficial even during construction by enabling develop- 
ment of second crop in the existing deltas at tail end. It is a great pity that oven to-day, these 
rivers of wealth are loft out and allowed to go wastofully into tlio sea. 

Mr. Mozumdar stated that the dams to be built in Damodar Valley are not difficult 
structures. If that bo the case, I will oanv’istly request and plead with the author, who 
liappens to be the Chairman of the D.V.C. Board, that the design and construction of those 
dams may be entrusted to Indian Engineers. This would prove economical and help in the 
advancement of Engineering in this coimtry. Ono of the great achievements of the T.V.A. was 
that it provided great chances for the American Engineers to develop advanced and economical 
methods of design and construction. 
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Sri Kan war Sain — ^Mr. S. N. Mozumdar has dono a service in bringing to the fore -front 
the fundamentals of a sound water policy as enunciated by the Water Committee of the National 
Resources Committee during President Roosevelt’s Government. It is essential that waste of 
potential of any river basin must be avoided by complete co-operation between the Central 
Government and the States which are concerned in a particular inter-state stream. 

2. While I agree with Mr. Mozumdar that it is difficult to get absolutely correct ultimate 
figurt's of cost C)f the Damodar Valley Project, I consider it necessary that a fair project estimate 
should bo prepared so far as tlmt can bo seen at present. The T.V.A. prepared estimates for all 
of thou projei ts as they earned on. Of course, it may not be possible to get an estimate for 
every work which is not foreseen at present. The financial picture has, however, to bo satis- 
factory. It is not necessary tliat if a project is carried out at a time when cost is high, the return 
will also be bettor. The exji<aiditure, as has happened in the past on some project, might have 
been incurred at a t uno when the ^irues were high and after the completion of the project came 
tlie slump vv 1(011 jinces of all f»jodii(is from the project went considerably down. On the other 
hand somi' projeits have been more lu( ky. They wore constructed at a time of slump of prices 
but when 1 he> weie completoil th(> food prices went high and these projects paid a very handsome 
returns. IJnforl unatoly, in rivoi basin projects which take a number of years for completion 
and quite a rmmbor of youis for development a coriect forecast is not always easy. The framers 
of the project havii to sat mfy 1 hemsolvcs taking a very long range view. 

In the cose of piojects which can bo divided into several phases it would bo desirable to 
study tlio economK and financial aspects of each phase of the project so that phasing can be 
done with a view to obtain the optimum financial results. 

I agree with the aulhor that mult i -purpose river projects should have very high priority 
m order to attain a roasonubhi living standard for our people. 

In bringing the synqiosium to a close. Dr. W. D. West, on behalf of the Organising Com- 
mitl ee and of tla^ Nat lonal Institute of Sciences of India, thanked all those who had attended the 
meeting and made valuable contributions to the subject. 

The major innlt i -fan pose projects that were being planned wore likely to give a great impetus 
to the development of India. They had cauglit the imagination of the people, and they should 
be* pushed through with coanige and dotormmatioii. 



Appendix 


extract from, Sardxir Vallabhbhai PateVs address delivered to the Vetdral Board 

of Irrigation at New Delhi ^ on October 24, 1950. 

‘ My own study of tho outline of many schemes that I have interested myself 
in and the results of my discussions with the many engineers with whom I have 
had the privilege of coming into contact have convinc*,cd me that, if tho need for 
circumspection and economy, a due regard for the essemtial and inescapable condi- 
tions of work and problems with which we are confronted and the apj)lication of 
scientific imagination to the facts which stare us in the face rule the surveys, the 
preparation of plans and estimates and the execution of many an engineering scheme 
it would not only facilitate the scrutiny of a scheme in its proper pcrspectivt‘, but also 
enable us to do much mon^ within available resources than is being done at present. 
In our desire for quick results or for self-glorification, wc are aj)t to launch on ill- 
(ionsidered scheme or big enterprises without adequate reflection and thereby per- 
petrate a criminal waste of the nation’s hard-earned money. 1 woifld beg of you, 
Members of the Board, not only to keep in view this vital asj)ect in your deliberations 
and researches but also to influence, by your exertions as well as by your example, 
your colleagues working elsewhere to live up to this inexorable demand of science 
as well as patriotism. 

There is also another feature of these River Val](\y Projects whicdi has struck 
me as deserving of every serious consideration. My own view is for whatever it may 
be worth that a greater attention needs to be paid to scientific plarming of crops and 
Industrial enterprises in the areas command('d by tluise xwojects. Tn the many 
schemes that have come to my notice I have foimd little evidence of sucli planning. 
There are vague and general refemnees to the crops that could grow and electrical 
energy that would be produced, but there is very little detailed attention paid to 
plamied processes of agricultural and industrial economy in these areas. Mere 
availability of canal waters or production of electrical energy is not going to solve 
the problem of a River Valley Project, The plaimers must have a clear picture of 
the crops that should be grown, the lay-out of the fields and village's and the needs 
of villagers who would grow those crops as also of the industries which w ould actually 
be set up and the lay-out and plans of industrial undenakings and towns which 
would grow. Unless we have tliis overall planning in advance we cannot utilise 
to the maximum benefit the waters which would flow or the electrical energy that 
would be produced. From a wider point of view also, such a x)lanning would be 
eminently desirable. Centuries of habits or a particular style of living have made us 
take things for granted. It is in these regions — veritable new colonies — that we 
can strike out new paths and explore fresh fields. We can shake off the dead-w’^cight 
of custom and evolve new ways and methods of living and occupation wliich can g<> 
to solve some of the economic problems which affect our very existence. ’ 
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